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ABSTRACT

Th is study inv es t iga ted the effec tiveness of three d ifferen t

training strategies with respect to initial training, retention , and

transfer of training. In addition to investigating the relative merits

of the three strategies , the possibility of matching the instructional

strategy and the trainee ’s cognitive style was evaluated. There is

growing research support for the contention that different inuividuals

utilize different means of encoding and/or storing information . The

effect of these differences with respect to initial training, retention ,

and transfer of training was addressed in the context of a realistic

task. The particular task used was representative of the many sequential

procedures performed which range from operating master contro l panels in

industrial plants to normal and emergency procedures in air vehicles.

The instructional strategies eva luated during the study were

desi gned to require varying degrees of imagery utilization through

reductions in the stimuli that provide visual cueing and feedback. The

standard for comparing the effectiveness of these str:itegies was the

conventional “repetition ” of the task on the operational equi pment or

high fidelity mockups (simulations) of the equipment. The individual

tra inee ’s vividness of mental imagery was the aspect of cognitive style

that was i nvestigated with respect to performance within the three

training strategies.

The results of the study indicate that : (1) vividness of imagery

does interact with training strategy , (2) training devices do not need

high fidelity to be effective in training procedural tasks , and
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(3) the use of training strategy that requires the trainee to provide

his own cueing and feedback from memory is effective in increasing the

retention of procedure-following skills , independent of cognitive style .

These results have important implications for both the dollar cost and

logistics of initial and refresher training, as well as for the retention

ef f i c ie ncy  of an important aspect of  t h e  hum an ’ s present jo t )  de sc r i p t ion .
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INTR ODUCT ION

The role of the human operator in today ’s systems has been rap idly

chan ging in character. The human operator is seldom an on-line ~anua1

controller in today ’s automated (computerized) environment . For example ,

the days of the goggles and white scarf in an open aircraft cockp it are

gone forever. The rate at which information must be processed and control

accomplished in modern systems is often beyond the human ’s capabilities.

Therefore , the role of the human is becoming increasingly that of a

process initiator , monitor , and rectifier.

The implication of this chang ing role is that the individua l tas~ s

that the human operator performs are now rrore procedural in nature , rather

than involving fine tuned motor control. Webster (19’l) define - a pro-

cedure as “the act , method , or manner of proceeding in some process or

c~ ursc of action; esp. , the sequence of steps to he fol1~ weJ’ (P1133).

The concept of procedurally following a sequence of steps is hec~ m ing

more predominant in areas ranging from troubleshooting a defective p i ’

of equi pment during repair to the use of operations research techni ques in

i-valuating the product marketing possibilities in a business environment .

In the areas involving a human operator (e.g., p iloting an aircraft , set-

ting up and monitoring a nuclear reaction process), not only are proce-

dura l tasks becoming more frequent , hut the crit ha lity of the tasks is

often hi gh. In many emergency situations , the corrective action is a step-

by-s tep procedure , with decision points , which the operator must perform

quickly and correctly. A complicating factor pertaining t emergency
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procedures is that generally they are performed infrequently. Therefore ,

the operator encounters extensive intervals of not performing the procedure .

The research literature (discussed in another section) illustrates that

procedures are particularly susceptible to forgetting during relatively

short intervals of no practice.

Although the trend in the human ’s job requirements is toward being

able to follow step-by-step procedures correctly, the research literature

on human capabilities and limitation s in this area is relatively sparse.

Th~it is , relative to the extent of the research based on continuous

I)er (- (-1 tual-Tnotor contro l , procedure-following types of tasks have

rccefted :ow b less recent attention . Although the advanced technology

behind today ’s hardware and software has altered the human ’s job require-

ments , the research effort within the behaviora l technology realm has not

been sufficiently responsive .

The present study attempted to integrate some of the research areas

that have recently been receiving attention (i.e., cognitive styles;

tr a ining device effectiveness; and learning, retention , and transfer)

and relate then to the area of training operators to perform a realistic

procedure following task. The next three sections will discuss the

research related to: (1) the relationship between cognitive styles and

the effectivene~ s of different training strategies , 12) training device

charact eristics and training effectiveness , and (3) the capabilities of

humans to learn and retain a sk ill and to transfer that sh ill from one

task to another.

I
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I

Mental Imagery As A Cognitive Style

The term “cognitivc -tyle ” is presently being used in many different

contexts. For example , it is used by cognitive psychologists to describe

different modes of information processing and by clinical psychologists

to categorize people as to personality variables. Kagen , Moss , and Sigel

(1963) provide a definition of cognitive style as “stable individua l

preferences in the mode of perceptual organization and conceptua1 cate-

gorization of the external environment ” (p. 74). Modrick , l.evit , Alden ,

and Henke (1975) discuss the idea that individuals apparently have “sub-

conscious ” preferences for organizing information and that these

preferences are stable over time . The two essential elements of cognitive

style for it to be a useful term both academically and in practice is

that it must reliably identif y individual differences among people and

that these differences must remain relatively constant as a function of

t i me.

‘t here have been many different types of cognitive style discussed

(e.g. , analytic vs. relationa l , serialist vs. holist , field dependent vs.

field independent , visualizer vs. verbalizer , etc.). 1)ansereau ,

Actkinson , Long, and McDonald (1974) present an extensive rel.iew of the

current literature on cognitive styles within their discu ssion of l earning

strateg ies. The appli c :tion of cognitive style categorizations to learn-

ing, retention , and transfer is of primary i mportance to this study. Pask

(1976) found that whether a student’ s own learning (cognitive) style is

matched or mismatched to a teaching strategy can have a large effect on

his learning performance.

3
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One of the types of cognitive style that has received a large

amount of attention is that of mental imagery . Discussions of mental

imagery have persisted for centuries , primarily in the disci pline of

philosop hy. Although Fechner discussed his experimental investi gations

of imagery in his book , Elemente der Psychophysik, in 1860, the first quan-

titative discussion of mental imagery was that of Galton in 1880.

Galton ’s work was the first attempt to arrive at a metric for assessing

imagecy. In 1909 Betts published a 100 page report involving twelve

experiments on voluntary and spontaneous imagery. With the advent of

behaviorism , the study of such things as mental imagery was not exten-

sive. However , during the 1930’s and 1940’s there were a few studies o4

imagery , particularl y evaluating its relationshi p to intellig ence . For

example , Brower (1947) investi gated the relationshi p of imagery and

intelli gence (Otis Intelligence Test) and did not find a si gnificant

correlation. This is consistent with Carey ’s (1915) results with school

childr en. Ta addition to the fact that the results of neither study

were statistically significant , Carey ’s correlation was negative and

Brower ’s was positive. A study by Davis (1932) also indicated low

correlation between imagery vividness and genera l intelligence (Army

Alpha Intelligence Test). A study conducted by Bowers (1935) indicated

that there is no consistent relationshi p of imagery ability and reasoning

ahi 1 ity.

One of the problems with studying mental imagery at that point was

that the ~caring of the term was not very well defined. Friedman (1953)

illustrated this problem with his statement that “Imagery has come to

4 -~~
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I
I
I mean all things to al l men” (p. 25). Uolt (1964) discusses the defini-

tional problem and the need for a taxonomy in his article , “The Return

I of the Ostracized.” A dictionary definition that provides a reasonable

‘ 
starting point is from Punk and Wagn all’ s dictionary. This definition

of image is “a mental representation of something, not perceived at the

moment through the senses , i n c l u d i n g  the accompanying emotion .”

W i t h i n  the last decade there has been a resurgence of interest  in

mental imagery. For example , five books written specifically on imagery

were published w i t h i n  three years ; Richardson ( 1969) , Horowitz (1970),

I Sega l (1971), Paivio (1971), and Sheehan (1972). Even with the  upsurge

F in interest in imagery , the definitional problem still existed to some

extent. The term “mental imagery” was often restricted to visua l imagery

rather than imcluding the other “sensory” modalities. Pylyshyn (1973

expressed t h i s  concern in tha t  h~ f e l t  tha t  a “p i cture meta phor” i s

seriously misleading.

There is inconsistency within the literature as to the relative

dominance of various modalitie s of imagery . For example , lindauer (l9~9)

found tha t tactual and gustatory imagery were “superior ” Ii .e , mo re v i v i d )

to visual imagery. This result is Inconsistent with Brower ’s

(1947) results which indicated that visual imagery was most frequent.

• Leibovitz , London , Cooper , and h art ’s (1972) data agree with Browers

indicating visual imagery was predominant. Leihovitz et al. also con-

cluded from their study using factor analysis i-hat ima gery is not a

general trait and that people have a definite tendency to use one modality

J more than others. This finding is inconsistent with the work of

Bet ts  (1909) , Raju  (1946) , and Sheehan (1966a ) in which they found that i f

I
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imagery was good in one modality it was also good in the other modali-

ties. One problem in comparing the results of these studies is that

leihovitz et al. investigated frequency of choice among the modalities;

whereas  Betts and Sheehan inves t i ga t ed the vividness of imagery across

moda lities.

The study of mental imagery has been plagued with methodolog ical

pr oblems and ad hoc hypotheses.  However , the construct  i t s e l f  has been

effectively used in both theory and practice. The next p~1rt of this

section will address the usefulness of mental imagery as a cognitive

style. To he usefu l in any p rac t i ca l  sense , t h ere must he detectable

differences among people as to their imagery , and t h e  di ff eren ces must

be stable over time .

Physiological Correlates of Mental__Imagery . There are many areas

within the research literature that imp inge upon the  u s e f u l n e s s  of the

ment al imagery concept. This literature resides in both the scientific

and clinical medicine fields. Recent evidence as to the different

funct i onal roles of the two hemi spheres of the bra in and i rid I vid tra I d i  f-

ferences with respect to hemisp here dominance are examples of combined

cI in i cal and scientific contributions. The two hemispheres of the brain

ire anatomical ly separate ent it I es with the corpus cal losum interconnect —

ing  the le f t  and the ri ght b r a i n .

Four major methods have been used to i n v e s t  i ga te  the spec ia l  i z at i o n

of function between the hemispheres. The first method involves the study

of unilaterally brain-damaged patients. 11w second uses pntients who

6
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have had the major  neura l connect ions  severed (commissurotomy ) between

the  two hemispheres  in  order to control ep i l e p s y .  ‘t h e  t h i r d  method uses

norma l subjects and presents  stimuli such that they are “processed” on

one side of the brain or the other. For example , visua l stimuli can be

presented to the l e f t  s ide  ( i f  the visua l field of both eyes such that

the stimuli are “1IrIIcvssed” by the ri ght hemisphere . The fourt h method

in v o l v e s  e l e c t r o e r i c e p he l o g rap h i c  (LiEG) recordings of the cortex while a

norma l subject is proc essing different types of informatThn. The results

of experiments u s i n g  these methods all indicate that the two hemispheres

are functionally specialized (Gazzani ga , 1967, 1975; McNeil and tiamre ,

1 974 ; R I  gney aIR! h u t  , 1 975 ; Sperry, 1 973) . ‘the primary functional di  s —

t i n c t  ion between the hemi spheres i s  t h a t  the l e f t  h emi  sphcr - e i s  the locus

~i f  language and the ri gu t hcm i sphere i s  t h e  locus of sp at i aI abilities

((;azz~in i ga and l i i i  l ya r d , 1 9 7 1 ;  i ’ ines , 1973; Seamon and ra zza r r i ga , 197 2 ) .

~-;( hI ’; ( 1974) conducted a st  101 > III comm i ssurotomi zed pat cots  t h a t  i I h i s—

i-rated that I lie r i  gh t lum i sp here can recogul i ze words and can cause  words

to b copied hu rt cannot ‘‘verbla I I > ’ ” 1 ab e t  words. On the other hand , the

ri ght he r n i sphere  i s  s u l p ( r i o r  in spat al relationshi ps and part —whol e

r e l a t i o n s h i ps 1st i mu I n s  comp l i t  ion from fragmented da ta ) . Nehes refers

to t h e  r i g u t  hen i i sp here  he i r ig ana log r;u t t i e r  t h an  propos i t i ona I in nat nrc .

K i m u r a  ( 1973)  used d ic lwl t it - I i st e ni n g and  d i c u p t  i c  v i s i o n  t o  i n v e s t i gate

h e m i s p h e r i c  d o m i n a n c e .  The r e sr i l  i - s  I r id i cate t hat i - l ie  ‘ ght hemi sphere is

d o m i n a n t  for m u s i c  and visual p e r c e p t i o n , whereas  t he  l e f t  i s

d o m i n a n t  for speech percept ion . G r s ch w i n d  (I  ~) 72  ) a l s o  found ana tomi  cal

d i f f e r e n c e s  between t h e  h e m i s p heres  w h i c h  support  the  p h y s i o l o g i c a l  and

behav I (Ira I d a t a .  Cal l oway and  h l a r r i  s ( 1 9 7 4 ) used LEG recordings  to

7
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experimentally investigate hemisphere specificity for different

stimuli. They found a shift in LEG as a function of whether the stimulus

was a picture , music or written text . The music and pictures elicited

more LEG activity from the ri ght hemisphere , whereas the text resulted

in  more a c t i v i t y  in the l e f t  hemisphere LEG.

The idea that the two hemispheres have a specialization as to i-lie

typ e of information they process is well established. There is also

e v i d e n c e  that individuals have a tendency to have one or the other hemi-

sphere dominant when information is processed and encoded (Bogen , 1975).

(;( schwind ’s (1972) anatomical studies support this .

‘the next obvious question is where does mental imagery reside , in

the left or the right hemisphere , or both? For examp le , is visual imagery

of the “same nature ” as visua l perception and , if so , is it processed by

the right hemisp here? I t ebh ( 1949 , 1 968) d i scusse s imagery in the context

of “ce l l  asse m b l i e s . ” this Contention is that first order ccl] assemblies

are  t h e  b a s i s  of vivid specifi c imagery and that hi gher order a s s e m b l i e s

are t h e  basis of non-representational conceptual processes.. If th is is

the case , then imagery should reside in the r igh t  s i d e  o f  the  b r a i n .

The majority of the experimental research involving the physiolog ical

correlates of imagery have i nvolved LEG recordings. Gol la , hutton , and

W a l t e r  (1 943)  conducted the first study of visua l imagery using LIG . They

found that an individual ’s mode of thinking is related to h i s  occipital LE G.

The nonverba l visua l imager had a l ower a l p h a  wave , whereas hab i tua l

verba l thinking correlated with a pe r s i s t en t  a l p h a wave . ( o l l a  et a ] .

classified people into three groups: M--predominant visua l imagery in

thinking, P--predominant auditory/kinesthetic imagery , R--both. Short

8
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I
I (1953) found that he could discriminate between imagers and verba l i ze r s

on the  bas i s  of alpha b l o c k i n g .  In a d d i t i o n , he found that  the imagers

brea thed  more r e g u l a r l y  r e l a t i v e  to the verbalizers . Chowdhury and Vernon

( 1964) and R imm and B o t t r e lh  (1969) supported Short ’ s result that i mage r ’ s

I brea th ing  is more regular  than tha t  of ver ’-u i i z e r s .

S h a t t e r ( 1960) c l a s s i f i e d  people in terms of imagery by us ing  the

EEc alpha wave amplitude , rhythmic ity, and blocking. Many studies have

supported these f i nd ings  that  imagery v iv idness  could he eva lua ted  on

the basis of alpha wave amplitude and blocking (Costello and MacGregor ,

1957; L) rewes , 1 958; an d Stewa rt , Smi th , and MacFarlane , 1959). Other

studies have found res u l ts inconsistent with the former studies. Barratt

( l Y T ~~J ,  for e x a m p l e , found that , although there was a slightly greater

occi p ital Eh:( when the subject ~as i m a g i n g  r a ther  than v e r b a l i z i n g  a

problem , the techni que was not a good discriminator among people. I)rever

(l~~~~j also found it difficult to predict visual imagery from lE G record-

ings. Oswald (1957) ~oncluded that the association between al pha hlock-

I i n g  and v i s u a l  imagery could have a r i s e n  out of the  “ d i f f i c u l t y  of  thin b -

I jag” rather tian the locus of imagery processin g . Simpson , Pai vi 0 , and

Roge rs (1967) a l so  d i scuss  the  me thodo log i ca l  proble m s in the LEG litera-

t ur re .  The most se r ious  problem i . i t h  t he  p rev ious  s tudies  was the  ad hoc

methods  used to assess  imagery .  S impson ci- a l . used both an objective

pe rf ormance test  and a su bj ect i ve rating scale to assess imagery capahili-

t y .  In a d d i t i o n , du r i n g  the LE G t e s t s , they  utilized a double blind pro-

cedure wherein the experimenters did not know to which group (high or low

I imagery)  the subjects  belonged .

1 9
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There have also been studies of eye movements coincident with visual

imagery of stationary and movin g “stimuli ” (Ornstein , 1974; Zikmund , 1966 ,

1972) .  These s tudies  have found tha t  there is oculom otor  ac t iv i t y during

imaging.

The results of the physiol og ical studies of imagery illustrate that

there is a large amount of support for a two system approach to informa-

i - ion  p rocess ing .  One of the  sys t ems  processes s p a t i a l / a b s t r a c t  m a t e r i a l

the other system processes verbal/analytical material. The physio-

locical  resul ts  a l so  ind ica te  t h a t , to some extent , people can he

categorized as imagers or non-i rriagers (usually referred to as verbalizers)

on the basis of physiological indices. h owe v er , as w i t h  e s s e n t i a l l y  a l l

areas in  which behavior  a t t r i b u t e s  are predicted on the basis of physio-

log ical measures , the room for methodological errors and misinterpreta-

tion is great . Tha t is , when one is working with a construct as vague as

mental imagery (being introspective in nature) and is trying to correlate

i t  w i t h  a low si gnal in a hi gh n o i s e  back ground such as the l i i i ;  a c t i v i t y ,

the experimental control must he extremely ri gorous. Neither of these

fac tors  tends to lead to hi gh p r e d i c t i v e  v a l i d i t y  w i t h  respect  to

performance.

behavioral Assessment of Men tal__Imagery. There are many methods by

w h i c h  imagery has been i n v e s t i g a t e d  using behaviora l performance data.

‘t he se  have ranged from t e s t s  that cor re l a t e  s e l f - r e p o r t e d  image ry  a b i l i t y

;rrd recall or reproduction performa~ice (Davis , 1932; and Sheehan , l966a) ,

to correlating imagery with clairvoyance and card guessing performance

(hlonorton , Tierney, and Torres , 1974). There is an extensive amount of

I
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literature that indicates that there are reliable individua l differences

among peop le w i t h  respect to their vividness of imagery (DiVesta and

Ros s , 1971; Madrid , 1972 ; Marks , 1972; and Paivio and t ruest , 1971).

A p rob lem w i t h  t h i s  l i t e r a t u r e , as with that presented in the pre-

I vious sect ion , is that of the definition of mental imagery. The majority

I 
of the work on individua l di fferences has focused on vi su a l  imagery . ‘th e

t (rli uS t h~tt are of t en used to ca tegor i  ze i n d i v i d u a l s  as h i gh iii v i s r i n  I

I i m agery are  v i s u a l i z e r s  and p i c to r i a h i z e r s .  For e x a m p l e , i n  a s tu r dy  on

visua l imagery , Madrid (1972) di v ided  peop le i n to  vivid and poor visual—

i :ers . l ie  found t h a t  the  v i v i d  vi s t un  I i  cr 5 (i  ruag ers)  had a h i  gher accu-

rac y of r e c a l l  on :1 p i C t u r e  memory t a s k .  Mor e l I i  and t a n g  ( 1 9 7 1  ) used

t est of i mirgerv ent it led the Ret t s Quest i onna i re u pon Merit a I I nuagery

( l le tt  s 1909 , d i  sc iu ssed i n t he  n e x t  s e c t i o n )  and r e f e r r ed  to the  i n d i v i d -

i ra 1 s t hat  were h i gh v i  sua I imagers  ~us ‘‘ p i c t r r r a  I i  zers  •

1 l b -se s t u d i e s  i I l u r s t r a t c d  t h a t  i n d i v i d u a l s  d i d  dif fer in terms of

t l i t - i r per f rmance oil t tie imagery t e st  5 and  that the d i i i  ern ie e s ~‘. e re

I consi sl ut with t h e i r  pe r fo rm an ce  on o t h e r  p e r f o r m a n c e  t e s t s . A d i c h o t o m y

I t h a t  i s  u sed i n  the  i n d i v i d u a l d i f f e r e n c e s  l i t e r a t u r e  I e r t a i f l i f l~t to

image ry  t h a t  of hungers (part  i c r u l a r l y  v i  su i a l  i u n ng ers  , vi sual i zers

I p i c t o r i  a l l  zers ) versus verb~u 1 i zer s  ( Re m s t e i n  and Coui za 1 vz , 1 971; and

~tor ( II I  and Lang, 19 7 1) .  m d  iv id ioul s that are ‘‘ t ow ’’ imagers tend to tie

mor e verba l / synuh o l Ic  i n  n a tu r e  t hu a ru do ‘‘hi  gh ’’ im a g ( - r ’

1 An a rca of i n v e s t  i gut io n I h a t  his provided a si gri i ~ i c a n t  amo unt of

suppo rt for t h i s coat ent I on i s hit  miii n memory . ‘Ihe re I i i  cc been a ii rur iubie r  of

I stud i es (of hot h long and short  I e rm nueu ru ory ) t h a t  have i n d i c a t e d  t h a t

I II
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there are two memory codes , one being analog (e.g., visua l or imagery)

and  one be i rig more symbo l i c (e. c~. , verba l or mathema t i cit I) . Wa 1 lach and

A v er b a c b  (1955) proposed a two mode -memory sys tem that included imagery

and verba l , w i t h  r i c h  i n t e r c o n n e c t i o n s  b etween the  two . i lnd erw ood ( 1 9 6 9 )

a I so p re sen ted  a i n rul  t ic l i m e n s i o n a  I appro~u c h i  i n  w h i c h  one of t h e  a t t r i b u t e s

was  a ssoc i at i vu ru o n v e r h a  1 (n ient a  1 i m a g e r y ) , and a n o t h e r  was  ;u ssoc i at i vi.-

ve rba l . Som e of t he work addres sed  spat i a I (v i  su m I ) and  verh a I cod i rig

w I Hi no d i  rect  I nip l i cation of nienta I I n iagery  ( R a t i r i  ck and  R o i r c h i e r  , I 96~

Brooks , 1 968 ; and ‘~cu l t h ou i s c  , 1975) .  These s t u u d i e s  I I  h i u s t r a t e d  the  p oss i  —

hi I i  t y  of two m odes on t hue bus is of nueuiuo ry i n t e r f e r e n c e  ( spa t  i a l / s p~ut  i n

:u rud ye rha 1 / verba I more t han  spat  i a I / verb )a I

t’ a i v i o  a r id  h i s  c o — w o r k e r s  (P~u i v i o , 1 9 7 1 ;  P a i v i o  amid  R e g g ,  1974 ;

Pa i v i i i  a rid Csa p~ , I 96~) , 1 9 7 1 )  con du ct ed a s e r ie s  of memory e x p e r i m e n t s

th at s~int I fica t ly i n v e s t  i g a ted  i r uu ag ery  -n c o d i n g  and  v e rb a l/ s y mb o l i t ’

enenit i mug , b lu e i r rosen rct i st ran g I y si u p p u u  r t  ed the  idea  of a di ua I —cod i i i  g

ruI ( nruu )r y i~~~ Iriuru ism, oil lo ’iiig iuliiigi ’ry ( a r i a  l o g )  bs u sed  and  the other  b e i n g

symbo l ic (propo s it i olin I ) . lii f a c t  , Pa IV io arid (‘ s ; i t uo ( I  ¶ ) ‘3 ) i’o iu r i d  t h u t

t h~- too modes ;ure udd it ive in I b u n t  s h o w i n g  bo th  a p l o t  ir e arid t h e  e o r r t ’o —

pond i rig we rd re s u m ]  t ed  i n  bet t or reca I I t h a n  e it her eu ro p reseii t c d  t w I cc.

(it b e - i resn:urchiers c o n d u u t t i n g  memory i n t e r - f e r e u t o  r o o a r  ii d u n  r u g  the saut e

um u pl’ ’r i o ( t  at ‘-. i i  suppor t i’d t’ a i V i o ’ 5 c o n t e n t  i o n  of a d i r t I ‘‘mico il i t i p  nuc’ ch ;u ri —

I sm (Ryrne , 1971 ; I l l  m t t  , 0. , 1971; Fl t jott , I.. , I97 .~) . flower ( l97~~)

i n  a reVieW c1 i scu i ssi oui ‘if imagery arud as si u ei at i v e  t r ; i r mi i n i g ,  s t a t e s  t h a t

‘“t he funct ion u,1 memory i m a g e r y  i s  to pu t t  um s  i n  dire ct c o n t a c t  u~ ith ‘ how ’

hr I rigs t ooked , or - , ium ded , or fe t t , or tasted , its d i c t i oct f rouiu ‘wha t ‘
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they resembled , what they sounded like , looked l i k e , fel t , or tasted

l i k e ” (p.  52) .

This  research indica tes  that  there are two mechan isms tha t  have

p o t e n t i a l  use in memory . h iowever , it does not necessar i ly  support the

idea tha t  some ind iv idua l s  are primarily imagers and others are primarily

symbolically oriented . In fact , fifty years ago Griffit ts (1927) criti-

cized researchers for using the phrase “imagery types” when the distribu-

tion of imagery vividness is relatively normal, It is totally possible

t ha t  i n d i v i d u a l s  tha t  are high imagers are also high verbalizers. If this

we re the case , then it would  he expected that the “high” ind iv idua l s  would

tend to have higher intelligence. h owever , as was discussed in a previous

section , the corre l ation between imagery ability and intelligence appears

to be extremely low. Therefore , this would indicate that an individual

with vivid imagery could be low in propositional ability.

Whether people can a c t u a l l y  be c l a s s i f i e d  as high imagers versus hi gh

symbolics (verbalizers) or simply high vs. low imagers is yet unanswered .

I t  is known , however , that the v iv idness  of imagery can be r e l i a b l y  mea-

sured and tha t  there are relatively stable individua l differences among

peop le a l o n g  a v iv idness  c o n t i n u u m .  The next sect ion discusses  the

methods most often used to assess mental i magery and the s tud ies  that  have

evaluated the reliability of those methods .

Measurement of Imagery Viv idness  and Control

In addition to the physiolog ical and performance methods of assess-

ing ment al imagery previously discussed , self-report (self-rating) methods

have a l so  been used (Davis , 1932; and R i m m , 1969). The first well

13
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deve loped self-rating test was the Betts Questionnaire upon Mental

Imagery (QMI , Betts , 1 909). This test required the individual to rate

h i s  images  i n  terms of seven degrees of clearness and vividness. ilie

rating scale is as follows :

1 . Perfectly clear  and as v iv id  as the actual  expe r i ence .

2. Very clear and comparable in vividness to the actua l

experience.

3. Moderately clear and vivid.

2 .  N o t  c l e a r or v i v i d  but r e c o g n i z a b l e .

5. Vague and d i m .

( . ~o vague  and d i n t  as to be h a r d l y  d i s c e r n i b l e .

~~~. No image present at all , you o n l y  “know ” t h a t  you are

t h i n k i n g  of t h e  o b j e c t .

The vari ous att ri hates of imagery that were assessed were : (1) v i  s in a I

imagery (e .g., shape , si:c’ , dist ance , color and m o v e m e n t ) ,  (2)  a u d i t o r y

i m a g e r y  (e . g. , I oudru ss and p i t c h )  , (3) c u t a n e o u s  i m a g e r y , ( 4 )  ki uiesthet i c

imagery , (5) g u s t a t o r y  i m a g e r y , ( 6 j  o l f a c t o r y  i m ag e r y  and (7) organic

imagery (e.g. , hunger , fatigu e, and thirst).

The B et t s  QMI t e s t  was the  predominant method of assessing me n tal

imagery ant  i i  19( 7 . Sheehan ( t  9(i7a) conducted  a f a c t o r  ; u n u a l y t  ft s t u d y

of the B e t t s  QMh in an a t t empt  to shor ten  the test administration ti m e .

Nb iec luau i found that the ISO —i t em QMI cou ld  be reduced to u 3S—i t em ques—

t i o n n a i r ~~. The r e s u l t a n t cross v a l i d a t i o n  c o r r e l a t i o n  w as  (1 .92 between

the total scores based upon t h e  comp lete scale and t he  shorte .ied form .

A su ihse quent  c r o s s - v a l i d a t i o n  performed by Sheehan ( l9 67a , 1967h) on 60

14
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subjec ts  showed a correlation of 0.98 between the long and short form .

The short form required 10 to 15 minutes to administer.

Subsequent studies have evaluated the reliability of the Sheehan

short form of Betts  QMI . Sheehan (l967b ) found a test-retest correla-

tion of 0.78 for the short form administered with a seven month interva l

between tes ts .  Evans and Kamemoto (1973) observed a somewhat h igher

cor re la t ion  of 0.91 in a tes t - re tes t  study over a s i x  week period.  In

an a t tempt  to e l im ina t e  tempora l charac te r i s t ics , ,Juhasz ( 1972) performed

an odd-even test on the short form and found a reliability of 0.95 (Cron-

bach’ s a2 coefficient). Although these estimates of the short form ’s

r e l i a b i l i t y  vary to some degree , the y are , as Evans and Kamemoto put i t ,

“hi gh for a ques t ionna i r e  on such an emp hemera l property as v i v i d n e s s  of

imagery ” (p. 282) .

It  ca n be co n cl uded t h at t h e Be t t s  QM I an d t he Shee han ’ s short form

of Betts QMT are internally reliable and are relatively s’ ihie over time .

However , there is evidence that the test is not culturally unbiased .

M a r s e l l a  and Q u i j a n o  (1974) found that the 8etts test (Sheehan ’s short

form) i s  bet ter  s u i t e d  for western cu l t u r e . Sheehan ( 1967a) in a s tudy

of imagery v iv idness  of A u s t r a l i a n  and American college students , found

t ha t  the American subjec ts  were more vivid imagers than the Australian

sub jec t s .  hhowever , M a r s e l l a  and Q u i j a n o ’ s f i n d i n g s  i n d i c a t e  that  the

difference may be due to the characteristics of the test rather than the

imagery characteristics of the two groups.

Another test of mental imagery that has received less attention than

the vividness tests is that of the Gordon test of imagery control.

15



E s s e n t i a l l y ,  the vividness tests ask how w e l l  you can “imagine” an item ,

whereas the Gordon (1949 , 1950) test  eva l uates the ease wi th  which people

can control and man ipulate images. The Gordon test  is concerned on ly

w i t h  v i sua l  image ry . In an odd-even test of i n t e r n a l  r e l i a b i l i t y  of

the Gordon test , Juhasz found the reliability to he 0.88 ( Cronh a ch ’ s

a 2 coe f f i c i en t) . There have been no tes t - re tes t  r e l i a b i l i t y  s t u d i e s  of

the temporal  cha rac te r i s t i c s  of the Gordon tes t .

The l i t e r a tu r e  discussed in the present. section illustrates that

there are reliable , easily administered tests of mental imager y . The

literature presented in the previous sections indicates that there are

i n d i v i d u a l  d i f f e r e n c e s  among peop le in their use of mental imagery . In

fact , many of the s tudies  d i c h o t o m i zed people  i n t o  h i g h i rnage rs and low

imager s .  The problem a r i se s , however , as to  where  the  c r i t e r i o n  ( e . g . ,

on a sco re such as the shortened B e t t s  Q M I )  sh o u l d  be set to  d i f f e r-

ent i ate between these “groups. ”

fhe  or i g ina l  da ta  co l l ec ted  by I l et tc  ( 1909)  on t i r e  d i s t r i b u t i o n  of

image ry illustrates that there is a pro btemu u w ith discussing the i niagc’ry

groups. Referring back to the seven point scale of t he  R e t t s  t e s t  the

proportion of responses in the variou ’~ categories is as follows:

1. Pe r f ec t l y  c l e a r  - 2O’~

2 . Ve ry c l e a r  - 320

3 . Mode ra t e l y  c l e a r  - 23%

4.  N ot C l e a r  — 13’,

5. Vague and d i m  - 7%

6. hh a r d ly discer nible - 3~

7. No image - 2%

16
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The distribution appears to be skewed but is definitely not bimodal.

In fact , the median “level of imagery vividness” appears to be at

the top of the “very clear ” range . This does not support the dichotomy

of high vs. low imagers in terms of “imagery types” (Griffitts , 1927).

An approach taken by some of the s tud ies  i n v o l v i n g  h igh  and low imagers

is that  of a h igh se lec t ion  r a t i o .  That is , many peop le we re pretested

and those at the two r e l a t i v e  extremes of the d i s t r i b u t i o n  were chosen

as subjects. For example , Sh eeha n an d Nei sser (1969) selected indivi-

duals that had a mean rating of 1. 86 or lower (high image rs) or 3.54 or

h igher  ( l ow  ini agers) in the i r  stud y o f the e f f e c t  of imagery on r eca l l .

Sheehan (1971) used a c r i te r ion  of less than 2 . 0  (high imagers) and

greater than 3.0 (low imagers) in a study of imagery and incidental

learning. Although this type of a procedure is appropriate to define

high and low imagery groups, the applicability of the results to the

actual population must he considered limi ted.

The r e s u l t s  of these studies do illustrate that there are d i f f e rences

in per fo rmance  as a function of i nruagery in the extremes , hut do not

indicate the robustness of the effect in the midrange. The literature

discussed in the next section describes the ffect of imagery on such

( t h i n g s  as learning and retention performance . However , it should be

remembered that , ~in many cases , the subjects are not randomly selected

from the  p o p u l a t i o n  at la rge , hu t  r a t h u e r , are s e l e c t e d  from the  p o p u m l a -

t ion  of h i gh and low i magers .

17
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Mental Imagery in Learning and Retention

The l i t e ra tu re  presented in the previous sec t ions  i l lu s t r a t e s  that

there are d i f fe rences  among peop le in terms of mental image ry vividness

and contro l , and that these differences can he reliably measu red

quantitative l y. The present section add resses how the  i mag er y d i f f e r -

ences can he u t i l i z e d  in the area of learning and retention, .

One of the first experimental studies that indicated that imagery

vividness had an effect on learning and retention was conducted by

Bowers (1932). tIe found that hi gher imagers (deternnined by self- rating

on the s t i m u l i  used) re ta ined somewhat be t t e r  than low imager s over a

3-day’ r e t en t i on  i n t e r v a l .  However , t h i s  was t h e case fo r on l y v i sua l

arid kinesthetic imagery (and stimuli); auditory imagery (and stimuli)

ability had no e f f e c t .  At about the same t i m e , .Jc n k i n  ( 1935) conc luded

that , althoug h imagery played a part in recall of specific items , con-

cepts were formed th roug h wo rds.

One of the p r i m a r y  i nd i ca t i ons t h a t  imagery  n ui ght  he i m p o r t a n t  i n

l e a r n i n g  and r e t e n t i o n  was the  Previously discussed literatur e on

imagery as one of two memory encod ing  systems . Much of t h i s  work was

concern ed e x c l u s i v e l y  w i t h  verbal  l earning a l though  some s t u d i e s  d i d

a t t e mpt to e x t r a p o l a t e  to the areas  of concept l e a r n i n g  and m o t o r  learn-

i n g .  Inu age ry bega n to r e c e i v e  a lo t  of a t t e n t i on i n  the p o p u l a r  h i t e r a -

ture in that it was utilized in many mnemonic based memory systems (Yates ,

19(i6)

A d e f i n i t i o n  of imagery  s p e c i f i c a l l y  a p p l i e d  to a learning and

r e t e n t i o n  contex t  is g iven  by B e r n s t e i n  and  G o n z a l e z  ( l 9 7 1 a)  : “ Image ry ,

as r e l a t e d  to r e t e n t i o n , denot es  the  use of v i s u a l m e n t a l  r ep re sen t a t i ons
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I of relatively concrete objects as mediators for storage” (p. 6). This

definition , however , suffers from the constraint of including only visual

I imagery . A more encompassing definit ion should also make provision for

auditory, kinesthetic , tactile imagery , etc . This is particularly the

case when considering mental imagery in the context of continuous per-

ceptual-motor or procedure following tasks.

Rigney and Lutz (1974, 1975) discussed the literature on the

different “internal representational systems” and their impact on the

leaning and retent ion of conceptual informat ion . Their par t icu lar

[ interest was in using computer graphics ( in  a computer assisted instruc-

tional system) to maximize the utilization of imagery encoding.

Sheehan ( 1967c) was one of the first investigators to study the

properties of mental imagery that facilitated learning and retention .

t i e  conclude d that the “organiza t iona l”  aspect of imagery is the property

I that  is relevant to retention . A study by Morris and Stevens (1974)

I 
support Sheehan ’ s conclusion in that they found that imagery is only

- f a c i l i t a t i v e  when the images link (associate) items together.

T l)ansereau, Long, McDonald , Actkinson , Coll ins , Evans , E llis , and Williams

(1975) u t i l i z e d  th i s  “associat ive” property in a t r a i n i n g  program. The
r

program used what  l)ansereau , et .  a l .  referred to as “connect ive ” imag es

to progress s tudents  through increasing complexity in academic lessons.

I Paiv io  ( 1969 , 1972) and Paivio  arid Smyth e ( 197 1) found that the concrete-

ness of an item affected its image-evoking value and is an important

aspect of imagery in learning and retention . In addition , they found that

mean i ng fulness is of less importance in  imagery encoding relative to its

importance i n  verbal (semantic) encoding.

1 19
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In a study of paired-associate learning, Bower (1970) found that

imagery enhanced paired-associate learning without increasing the

stimulus recognition . These results indicate that imagery is important

to the relational associating of items , rather than to stimulus encoding

(stimulus differentiation). This is somewhat inconsistent with the

results found by Gronninger (1974) that imagery is important during

acquisition (encoding) rather than during recall. A possible explana-

tion of the inconsistency among the conclusions of these studies is

indicated by the results of a study conducted by Smith , Barresi , and

Gross (1971). They found that, using imagery or repetition instructions ,

visua l imagery was effective in long term mem ory (referred to by Smith

et al. as secondary memory) but not effective in short term memory (re-

ferred to as primary memory). Therefore , depending on the time frame

of a retent’~on study, imagery effectiveness could be interpreted

differently.

It must he remembered that, although the context of the present

study is perceptual-motor procedure fo l lowing behavior , the majorit y of

the studies cited in this section were dealing with either conceptually

oriented verbal material or abstract visual patterns. The generalization

of conclusions from one context to the other must be done with caution .

In a review of the learning and retention research in the verbal area ,

Fox (1971) attempts to integrate and contrast the verbal learning data

and “motor procedures.”

An area of investigation that somewhat bridges the gap between

mental imagery in abstract learning and motor performance is that of

20 1
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mental practice of perceptual-motor s k i l l s .  Richardson (1967) provides

a good review of the l it e ra tu re  on mental  practice up to a decade ago .

However , there have been interesting results obtained since his review

ar t ic le .

Perry (1939) was one of the first researchers to experiment with

mental practice of motor tasks. He found that there was a posi tive effe ct

of mental pract ice .  An in te res t ing  observation made by Perry , is

that  many more pract ice t r i a l s  can occur , during mental practice

relat ive to physical  prac t ice , per unit of time.

A n umber of other , more recent , studies have indicated that  mental

practice is effective in various types of tasks (Hackler , 1972 ; Samue ls ,

1970; Twining, 1949). These studies have ranged from improving reading

sk i l l s  (Koz iey and Bauer , 1972) to complex motor s k i l l s , such as shoot ing

foul shots in baske tba l l  (Clark , 1960). However , a number of studies

have found contradictory resul ts  in that mental  practice was not effec-

tive for s imi la r  tasks  (Con ly ,  1969; Corbin , 1966; Goldman , 1972 ; W i l l i s ,

1967) .

It is interesting to note where both the positive and the negative

results on mental practice reside in the literature . The positive

results reside in the open technical literature (e.g., journals pub-

lished by the professional  societies) . The negative results are not in

the open l i terature and are only presented in unpublished theses and

dissertations. It appears that the system for acceptance into the

technical literature (generally, probability of a error<0.05) is serving

as an effective filter that can (and has in the case of mental practice)

led to very misleading information and incorrect conclusions.
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Another area of concern in evalua t ing  the resu l t s  of the studies

discussed in this section is their relationship to actua l education and

training . Fox (1971) in h i s  discussion of ve rbal versus motor learning

research, concludes tha t, although there exists a problem relating

verbal and motor learning, the more serious problem resides in trans-

ferring from laboratory studies to the “ real wor ld ”  s i t u a t i o ns.

A study performed by Prather  (1973) is an examp le of app l y i n g

mental practice to an operational  problem . lie i nves t iga ted  the use of

mental  practice in learning to land a 1-37 a i r c r a f t . The experimental

group in Prather ’ s experiment l i s tened to a verbal (tape recordin c ’)

description of the landing process whereas t h e  control  group d i d  ru ’ -

The experimental group was to imagine them se l ves goi ng through t h ~~

process. His results indicated that the introduction of mental p r L e t :L

was e f fec t ive .  However , a problem w i t h  a s tud y such as t his  one is ~~i ; i t

it is very di fficult to control for  the amount of in fo rmat ion  g ive n to

the exper imen ta l  and control groups. That is , it could  he t h a t  the

p r imary  i n f l uence of the i m a g i n e d  t r i a l  was the  a d d i t i o n a l  i n ~ or r ~~~ i m

provide d by the tape recording, rather the practice alone .

The problems of in t e rp retat i on of the  data and poss ihi liti e s m r

extraneous confound ing  of the data i n  the  a reas  of m e n t a l  i m a g er y  m~d

mental practice in learning and r e t e n t i o n  arc seve re . This i~; p art icu u r l y

the case when ex t rapola t ing  f rom one type’ of t a sk  ( e . g . ,  veu’ha] l e~’ r n i m m ~

and retention) to another ( e . g . ,  pe rcep tua l -moto r  procedure following:

learning and retention~ , The next section d i scusses  the l i t e r a t u r e  on

learning , retention , and t ransfer  of procedure f o l l o w i n g  t a s k s , and

research that  relates to th i s  area .
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Learning and Retention of Procedura l Tasks

There has been an extensive  amount of work conducted in the are a of

learn ing ,  retention , and tra nsfe r of s k i l l s .  Nay lo r  and Br iggs  (196 1)

present a very good review of the l i t e r a t u r e  on the long- te rm r e t en t ion

of s k i l l s  to that date.  One of the primary contributions of that review

was to classify and describe the types of variables in retention

research . They discuss four categories of variables: (1) task variables

( e . g . ,  tas k len gt h , complex i ty ,  speed r e q u i r e m e n t s ) ,  (2 )  l earn ing

var iables  ( e . g . ,  d i s t r i b u t i o n  of p rac t i ce , massed or spaced) ,

(3) re tent ion  var iab les  ( e . g . ,  ve rba l  an d i mage ry pr a c t i c e , i n te r fe rence

task s ) ,  and (4) r eca l l  va r i ab les  ( e . g . ,  wa rm-up , r eca l l  e n v i r o n m e n t ) .

Naylor  and Bri ggs d iscuss some of the i n t e r a c t i o n s  between these vari-

ables .  The poin t  i s  brought out that a researcher cannot investi gate

o n l y  one or two types of v ar i a h l e s  w i t h o u t  c o n s i d e r i n g  the  i n f l u e n c e  of

the other types on the  i n t e r p r e t a t i o n  of h i s  results. Other attempts

to review and organize  the l i t e r a t u r e  are presented by B i l odeau  ( 19 66 )

and Ginsberg, Mccullers , Merryman , Thomson , a nd W i t t e  ( 1966) . B l a i w e s

and Regan (1970) categorize the research on learning, retention and

t ransfe r  in  the  con tex t  of ap p l y i n g  the  i n t e g r a t e d  r e s u l t s  to training

j device research and development. Bernstein and Gonza lez  (1971) e d i t e d

the  proceedings  of a conference on l e a r n i n g , rete n t i o n , and t rans fe r  at

w h i c h  the most a c t i v e  researchers in  the  f i e l d  presented the issues  and

p o t e n t i a l  s o l u t i o n s .

A very good review and annotated hih liogra p hy of the retention area

was provided by Gardin and Sitterl y (1972). One of their major conclu-

sioms was that “it seems clear that the literature has identifi ed the
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level of performance on the f inal  t r a i n i n g  per iod as the primary

prediction of sk i l l  retention for any gi ven retent ion interval  duration”

(p. 20) . This re la t ionship,  a long wi th  the fact that  there is a d i s t inc t

effect  on performance as a funct ion of the retention interval ,

to a large extent sums up our knowledge of s k i l l  r e t en t ion .  The

dis turbing aspect of t h i s  s tate  of know l ed ge is tha t  t h e  i n i t i a l  research

conducted in the la te  1950’ s l e f t  l i t t l e  doubt as to these e f fec t s

(Ainmons, Farr , Bloch , Newm ann, E)ay , Marion , and Ammons , 1 958; Hammerton ,

1963 ; and Newmnann and Minions , 1957) . In a d d i t i o n , a l t h ou gh s t a t i s t i c a l l y

s ignif icant  experimental  resul ts  lead to more secure conclusions , what

the sc ien t i f i c  community knows about r e t e n t i o n  is  about the same as ~h a ’

the “man on the street” knows ; we can ’t remember what  we didn ’t learn

and we forget over time .

Related to these two conclusions  ahout r e t en t i on , there i s  one

in teres t ing  impression given by the l i t e r a t u r e . It  has been found i n

n mami y experiments and is discussed iii many r ev iew p apers  tha t  p u u e c ~ i u a ~

tasks  resu l t  in less r e t en t ion  than c o f l t i f l U ou s  motor t a s k s  (Amnm ons ,

et al , 1958; Gard in  and S i t t e n l e y ,  197 2 ; Na y lor and Bri ggs , 1961; and

Si t te r ley ,  Z a i t z e f f , and Berg,  1 9 7 2 ) .  That is , comp l e x  c o n t i n u o u s  t r a . h~

1mg s k i l l s  are retained r e l a t i v e l y  w e l l  for a long d u r a t i o n  (at least

24 months , F l e i chman and Parker , 1962);  however , procedural t a sks  :m i’c

very poorl y re ta ined  I t l u f fo rd  and Ada m s , 196 1; Men gelkoch , Adams , and

Gainer , 1960 , 1 9 7 1) .  One method t ha t  h a s  been fou nd to be e f f e c t i v e  in

reducing forgett ing is to p r a c t i c e  (rehearse)  t h e  task  dur ing  the

retent ion in te rva l  (Brown , Br i ggs , and Nay lor , 1963; Macek , V i l t e r  and

Stabhs , 1965; and Naylor  and Br igg s , 1963) .
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One of the problems with comparing the retention of proced ura l

(usua l l y d i s c r e t e )  tasks  and continuous control tasks  is  equa t ing  the

two in  terms of d i f f i c u l t y .  As d iscussed  by Nay lor  and Briggs (1961)

and Br iggs  (1971) ,  there is  no mutua l method by w h i c h  you can q u a n t i f y

the difficulty of performing the two tasks. In addition , Briggs (1971)

c r i t i c i z e s  the research l i te r a t u r e  in terms of i t s  use of “open-loop ”

procedures r a the r  than the more appropriate  “c losed- loo p ” procedural

tasks  tha t  occur in real opera t ional  t asks .  Berns te in  and G on za lez

(1971) d i scuss  t h i s  pro b lemu ~il tha t  they contend that  the tasks used

iii  l aboratory exper iments  do not have the inheren t  o rgan iza t ion  of “real

life ” tasks. The prolil em resides in the fact that most researchers have

been focus ing  upon the learning , r e t en t ion , and r eca l l  va r i ab les  and

have been spending much less t ime  making  sure that  the task v a r i a b l e s

are handled appropriately.

In  summary , i t  is  r e l a t i v e l y  w e l l  documented t h a t  procedural  t a sk s

are hi gh l y  prone to f o r g e t t i n g  w i t h i n  a r e l a t i v e l y  short  t ime , I t  can

a l s o  he concluded tha t  f o r g e t ti n g  i s  a function of t i m e  and a function

of a number of fac tors  in  e f fec t  d u r i n g  t r a i n i n g ,  d u r i n g  the retent i on

V interva l , and at the t i m e  of r e c a l l .  The next  sec t ion  focuses on one

of the  pr i mary fac tors  invo lved  in the t r a i n i n g  phase , the equipment

used to t r a i n  procedura l t ask s .

Tra in ing  Devices and Procedural T r a i n i n g  and Transfer

In the past few years there has been a r a p i d l y  growing i n t e r e s t  in the

charac te r i s t i cs  of t r a i n i n g  devices t h a t  lead to e f f e c t i v e  t r a i n i n g  and

h i g h - p o s i t i v e  t rans fe r  of t r a i n i n g  to the operat iona l cqui pmemt.  The
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l i t e r a t u r e  pe r t a in ing  to thi s area resides p r i m a r i l y  in technical  reports

and proceedings of technical  meetings ra ther  than in t echnical  j ou rna l s .

The phrase that  has become popular in de f in ing  th i s  area is  “t ra iner  (or

simulator) fidelity requirements.” Fidelity, in this case, is a close

synonym of “real ism. ”

The majori ty of the interest has focused upon the more complex

miss ion  requir emencs from a percep tua l -motor  s tand point  ra ther  than on

procedural t a sks .  t low c ver , as the in t roduc t ion  of t h i s  r eport d i scussed ,

the procedural aspect of the human operator ~ job is i n creas i ng i n bo t h

frequency and importance.  The one t h i n g  tha t  i s  e v i d e n t  from t ’ n’:

reports addressing the f i d e l i t y  issue is that  f i d e li t y  is not t h e  ) m l l y

concern and may , in fact , not be the main concern . Micl~c1i ( 1~~~2 )  in

a good discussion of the research t rends in the area of f i d e l i t y  of

s i m u l a t i o n  for t r a i n i n g  use concludes :  “ I t  i s  con tended by the preseni

report that  t r a in ing  ef fec t iveness  i s  more a func t i on  of the manner i i i  wh ich

the trainer is used than of the fidelit y of the trainer ” (p. 21). Caro

( 1976 , 1977) recentl y d iscussed  some of the imp lica tions of t i ’ ; m n e r

u t i l i z a t i o n  in the m i l i t a r y  e n v i r o n m e n t .

In a study specifically i n v e s t i ga t i n g a procedural task (:~ircraft

cock p it procedures), Prophet and Boyd (1970) concluded that hi gh comp lexit y

( f i d e l i t y )  i s  not necessary for hi gh t rans fe r  of t r a i n i n g  from a t r a i n i n g

device  to the opera t ional  equipment .  These resu l t s  were supported by a

stud y co n ducted by Si t t erl ey a n d Be r ge (1972) which looked at static and

dynamic  methods  of rehears ing  emergency procedures in  a s i m u l a t e d  space

f l i ght  t a s k .  They found that the  static methods of training procedures
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were effective . Sitterley (1974), in a second exper iment  confirmed that

dynamics  are not necessary for reLr ai ning of a task after a long non-

practice interval. In fact , his study indicated that a properly struc-

tured open-loop method of simulation is feasible even for a contro l task.

A series of studies conducted by the  h uman Resources Research Office

i n v e s t i g a t e d  the closed-loop versus open-loop aspect of training devices

for procedural tasks. Cox , Wood , Borcn , and Fh orne (1965) used ten

devices that ranged from a ho t -pane l  (high fidelity sim ulation of the

operational  equi pment) , through a cold-panel ( s a m e  as the hot panel

hut without interactive disp lay indications), to a drawing  of the equip-

ment. The results of their stud y did not indicate any differences in

training time on the various panels. Grimsley (l969a , 1969b) investigated

the r e l a t i v e  e f fec t iveness  of a hot panel , a cold panel and a reproduction

of the panel in terms of t r a i n i n g  t i m e , t r a n s f e r (to the hot panel), and

re ten t ion  over a four week per iod and a subsequent 18 day period , this

results supported those of Cox , et a!, and extended them to the retention

situation , finding no d i f f e r ence  in training time , retention , or

r e t r a i n i n g  t ime. In addition he found no indication of a transfer

problem from e i t h e r  the cold panel  or the repr oduct  ion to the hot  panel.

Mirabella and Whcaton (1974) conducted a sim ilar experiment with hot

panel , cold panel and pictora l representation . Their results indicated

that the cold panel was the worst wi th the hot panel and picture not

s i g n i f i c a n t l y  d i f f e r e n t  in terms of a c q u i s i t i o n . These s tud ies  i l l u s t r a t e

that  low f i d e l i t y  (wi th  a r e s u l t i n g  low cost) can be effec t ive i n the

t ra ining of procedure-fol lowing tasks.
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There are two primary aspects of device fidelity in terms of pro-

cedura l training devices. First , there is the cucing of the trainee.

That is , if the trainee cannot remember the exact setting at which a

gauge should be set , the range and graduations on the display gauge can

cue (prompt) him. In the same sense , seeing the resultant effect of one

action can cue the trainee as to the next action in a sequence .

The second category of i n fo rma t ion  involves  feedback to the trainee

as to the result (and possibl y the correctness) of his action . In this

case , for example , pe r fo rming  an a c t i o n  in t he  correc t order  n a y  r e s u l t

in a d i s p lay ind ica t ion  tha t  s i g n a l s  that  the action was correct. \ l t h  u~ I

in some situations these two categor i es are d i f f i c u l t  to separat ~ (~~. g . ,

a signal can be both feedback as t the ~~~~~~~~ act 1 0mm and a oc

n e x t ) ,  they have different implications for a training devi :n . H-

cueing cha r ac t e r i s t i c  o f ten  r e qu i r e s  an a c t i v e  console  ( e . g . ,  ~~~~~~~~~~~~~~ V

or instructor operated) . However , the feedback characteristics often

requires an active and interactive capa bi l it~’ . That is , ~he ecuIi g .~~;

must respond d i f f e r e n t l y depend ing  upon the t r a i n e e ’ s inJ)IIt~~. [(i s

branching type of logic has important cost i m p l i c a t i o n s .

‘the present  stud y is designed to inves t  i ga te alt ( m a t  i ye ;mp ~~i n ~~ hes

to procedure t r a i n i n g  devices  t h a t  u tilize mental i r I a ~g e ry  in ~ r~ v i d i m i -~

the con ing and feedba ck to the t r a i n e e .  ‘[‘he next  Sec t i on  s u m m a r i z e s  t h e

research f i n d i n g s  discussed in this and thie previous sections and im i Ji -

cates the imp l i c a t i o n s  of those findin gs for the present study.
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Summary of’ the Research Findings and Their Implications for the Present
Study

‘[‘he research literature presented in the previous sections has

ranged in topics from the hypothetical construct of “mental imagery ” to

the very pract ical  concern s of training device desi gn and cost. 1he goal

of th i s stud y is to u t i l i z e  what is  known about the human ’s memory system

and apply it in the e f fec t ive  design of t r a i n i n g  devices for procedural

tasks.

Summary of Research. Although the conclusions drawn from the

research literature are , at times , inconsistent , and the methodological

proble ms are severe , a number of points  can be made with confidence.

1. Individuals do vary in the i r  preferred modes of p rocessing

information and these modes can he referred to as cognitive sty les.

2. The matching of individua l cognitive style and training

st rategy is bene f i c ia l  (for pa r t i cu la r  t a sks ) .

3. There are both phys io log ica l  and behaviora l indications that

i n d i v i d u a l s  d i f f e r  in  t h e i r  use of mental i magery and that it

is a meaningfu l and potentially useful aspect of cognitive sty le.

4 . Mental  imag ery can be r e l i a b l y  “measured ” w i t h  t h e Betts QMI and

the r a t ings  on the QMI are re la ted  to other  performances in a

con s i s t e n t  man ner .

5. Mental imagery plays a role in learning and retention in that

It appears to he one means of encoding  and/ or  s to r ing  informatio n

In memory .

6 . P rocedural tasks are becoming more predominant  in the human
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operator ’s job , but the information base related to the human ’s

capabi l i ty  to learn and remember procedures is l imi t ed .

7. Training devices for procedural tasks need not he of hi gh

fidelity indicating that the human can rep lace the cueing and

feedback usually presented by d evi ces with information stored in

V memory.

Purpose of t h e  P r e s e n t_ S tudy . The purpose of this study sas to

inves tigate t h e  e f f e c t i v e ne s s  of visua l imagery techni ques as they per-

ta i n  to i ni t i a l  tr a i n i n g , retention , and transfer of training. In addi-

tion to investigating t h e  r e l ;t t  ive mn e r it of us m n g  visual ina m~er : ’ ; rs~~

conventional tra i n i n g  methods , the J)o~~;i h il i ty of matching ins~ ructiora ;

strategy and t he t ra inee ’s cognitive style wim~ im ive ;t i gated . ~~~ pal-

t i cular  task used in the stud y was representat \V (. of t he ma n  seq i4c  ru i a

procedures performed w h i c h  range from o p e r a t i n g  ma si c r  vo r i t r n ~ ~)V II(( V 1s

in  i n d u s t r i a l  p l a n t s  to normal  and emergenc \’  p rocedur e s  in  air veh~ cie :--, .

The nex t  s ec t ion  d e s c r i b e s  t h e  e x p e r i m e n t a l  t m s ~ , tr~n n i n g  devi c’s , :ind

procedures used i n  t h e  s tud y .  V [~~cu e x p e r i m e n t a l  t ra i n i n ~ str.ite ,~ ,
~~~~ 

~

developed which provided the trainees with different amounts of con in g

~1fl(l feedback.

~
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Ori g ina l Learn ing  and T r a n s f er  Tasks

As was d i s c u s s e d  in  t h e  Introduction , one  of the  pr imary c r i t i c i s m s

of the research  l i t e r a t u r e  on t r a i n i n g  am id retention is t h a t  t he  exper i  -

menta l  t a sks  used have no correspondence to “ rea l  w o r l d ”  s i t u a t i o n s .

‘lh i s has t wo imp  I i  cat ions ; first , the r d V s ( i  1 t s  are o f t e n  di f f i c u l  t to

g e n e ra l i z e  to o p e r a t i o n a l  training situations , and second , the  face  va-

l i d i t y  of the  e x p e r i m e n t  to the s u b j ec t s  i s  low . ‘[‘hat i s , an a b s t ra c t

task that has no mean i ng f m m l n e s s  to t h e 5 l I 1 ) j e d t s i s  more l i k e l y te he

t r e a t e d  as an e x p e r i m e n t a l  game k-i w r e n  t h e  s u b j e c t  and t h e  e x p e r i m e n t  Cr.

‘[‘he m e a n i n g f u l n e s s  of the  t a s k  has  a m i i m i f l  uence  on h io th  t h ’ - mat i va t  ion

of t u e  s ubj e c t s  d u r i n g  t h e  e xp e r i m e n t  as w e l l  as  i m p a r t i n g  an i n h e ren t

o r g a n i  z a t i o r i  to t h e  t a si  t h a t  i s  i m p o r t a n t  f o r -  r e t  J j )  i on .

‘[he p resen t  study attempted to d e v e l o p  a r e a l i s t i c  procedura l t : i s~

t h a t  ~o i i l d  both he a v a l i d  r e f e r e n c e  p o i n t  for  opera t  iom ia1 training ann

w o u l d  b mean imig fu l to the subjects.

[ I  ope ra t iona l task that the Sub ject s m i t  i a 1 ly  l e a r m i e d  to  p e r f o r m

m n t hr  t udy i n v o l v e d  a p r oc ed im ra I o - ( u e n c ( ’  of ’ S I np 1 r act i ons .  La ch  in —

d I i act i on  wa s  Si mp 1 e i n  th ia  t p n e c  i so t i rni  rig or coord i nat ion were

r , t  r equ i red . The d i f f i c u l t y  i n  t h e  t a s k  y V~~. i d e d  i n  the fact that i t  h ad

to he performed , without a c h e r l  I I St , i n  tiit’ correct sequence with no si g—

m mi fi c an t h e s i t a t i o n  h e t w e i - m i  ac t i ons. 110 ’ u [o r :it l a n a i  e ( I u i p m f l e f l t  i s  i l l u s -

t rated i n F i gu re 1.
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The types of controls and disp lays used in the equipment included:

(1) toggle switches - both vertical and horizontal

orientations

(2) rotary switches - both discrete and continuous

sett in gs

(3) levers - both vert ical  and hor izonta l  orientat ions

(4) push-buttons - both singly and in keyboard arrays

The displays that  were used included :

(1) l ights - both on/ off  and color coded

(2) circular meters - simple meter movements

(3) l inear meters - simple meter movements

(4) di gi tal  readouts - from one to f ive  digits

The displays and controls making up the equi pm en t were not label ed as

to their functions.

The actua l task scenario involved the process of setting up a con-

veyor line production operation . TI-m e general  descri p t ion  of the t a s k

and a graphical representation (as it was presented to the subjects) s

given in Figures 2 and 3 respectively. There were a total of 87 disc ;~ete

steps involved in the task with  26 of the steps requiring the subject to

set in a particular value or make a decision on a value. A listing of

the sequential steps of the task is presented in Appendix A. This task

sequence was a subset of a longer task (135 steps) that  was concluded to

be too difficult during preliminary studies.

The task of 87 steps , as it was s tructured , was made up of two levels

of detail. The first level (macrostructure) involved twenty “chunks.”

A chunk involved a number of discrete steps (microstructure) that,

V 
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You will be learning how to set up a production line that runs

automat ica l ly  after  the i n i t i a l  set-up . The figure on the next page

i l lustrates  the production l ine . The components that are “processed” on

the line are loaded on a conveyor , travel down the conveyor , and are

taken off by a receiver. While the component is on the conveyor, a num-

ber of measurements are taken to ensure that it is within specified l imits.

Also , the components are coated with paint as they proceed down the con-

veyor. After the coating has been applied , the component is dried.

The general sequence of setting up the process is as follows :

1) Turn on the main power to the equipment .
2) Turn on the conveyor.

3) Turn on the loader.
4) Set up the measurement tools.

5) Check the measurements wi th  a calibrated component.

6) Recalibrate the conveyor.

7) Turn on the drying equi pment .

8) Set up the paint mixtures .

9) Turn on the receiver.

10) Match loader and receiver speeds.

11) Recal ibrate  the conveyor speed.

12) Put the process into operation .

Now we w i l l  step through the individual  actions that must be

performed in sequence. Although you should do the set-up procedure as

quickly  as possible , it is more important tha t  you attempt to make no

mistakes.

Figure 2. ORIGINAL LEARNING TASK AS DESCRIBED TO SUBJECTS

I
1
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together , made up a larger ac t ion .  For example , the chunk , “Turning on

the loader , ” included : (1) presetting the loader speed control to zero,

(2) set t ing the speed range switch to the 30-40 range , (3) s w i t c h i n g  on

the power to the loader , and (4) se t t ing  the  loader speed to 15 feet per

minute . The order of the steps , both between and w i t h i n  the chunks , was

a lo g ical  sequence in the process of s e t t i n g  up and checking out the  pro-

cess.

The t ransfer  task consisted of 83 sequen t i a l  s teps and 24 n u m e r i c a l

se t t ings .  This task was p r i m a r i l y  a reorder ing  of ti -me chunks and i n d i v i d -

ual steps within a chunk from the ori g ina l l e a r n i n g  t a s k , w ith a few

dele t ions  and add i t ions .  1’he general descri p t i on  and listing of steps

of the t ransfer  task  i s  provided in A p p e n d i x  B.

Initial Training

The purpose of the study was to i nves t i gate three  t ra in ing  de vi ces

that utilized different training strateg ies . This section describes

those strategies. A schematic representation of the total procedure

( i n i t ia l  t r a in ing ,  re tent ion , and t rans fe r)  is provided in Append ix C.

Con~.’c,nti onal Practice Strategy.  In time conven t iona l  s trategy for

t r a i n i n g  procedura l tasks , the t r a inee  repea ted ly  performs the exact be-

havior that  he performs in the operat ional  envi ronment . This s t ra tegy

requires the use of an interactive training device in which the controls

and d i sp lays  operate in  a manner s i m i l a r  to the operat ional  equi pment .

The learning of the procedura l t a s k  invo lves  the sequent ia l  cha in ing  of

s t imu l i  and responses. Tha t is , the f i n a l  s t a t e  of the  previous action

- - 
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serves as an i n i t i a t i o n  cue for t u e  next  a c t i o n , and so on. Thi s secjuien-

tial chaining is accomplished through performing the sequence , obtaining

knowledge of errors (feedback), and reperforming the sequence u n t i l

criterion (e.g., errorless) performance is attained.

The t r a i n i n g  sequence u s e d  f o r  th e  c o n v en t  i o n a l  s t r a t e g y  began w i  t i~

i l l u s t r a t e d  i n s t r u c t  io ns p r e s e n t  c c i  b~ ’ t h e  e x p c - r i m e r m t e r  t i -mat  exp l a  i mmc d

the procedure to the t ra m ner  and  I - c t  :ibl I d o l l a co n text u al framework . The

task was then demonstrated t m. cc t o  t h e  trainee on the o p e r a t i o n a l  e q u i p —

m o n t .  The t r a i n e e  then  p r a c t i c e d  t i m e  t a s k  min t I I he p e r f o rmed a l1. lce -

dure at  the  criterion level (discussed i n a l i te r  -~~ - t j i i m i ) .  I r r> r ;  In-

sist of sequential nisorderings , set I i n g  l r r m V , a r i d  c~~~ ‘ I , s l v ( ’  m u t e r

response i n t e rva l s .  1)uri ng the pract i c( t r i a I s  • t h e  t ra ill 1 was s t i pj n ’ cI

i m m e d i a t e l y  upon c o m m i t t i n g  an error. ‘l’he teri tha c t o  t h e  t ra Tree

involved the  i ns t ruc to r  ( e x p e r i m e n t e r )  r e i t e r a t i n g  t- !l • r i  
- .~~~~~~ t a r

the co rr ect pr esen t a c t i o n , and t h e  correct  n e x t  a c t  ion , a ;  t h e y  a p p ( a r e d

in  the  w r i t t e n  i n s t ru c t i o n s .  A f t e r  the trainee met the  c r i t e r i o n , lie

performed one more t r i a l  referred to as  the  “p r o f i c i e ncy confirmation

trial .“

The c o n v e n t i o n a l  s t r a tegy  (i .e., con trol) involved the active part i-

j , c i p a t i o n  of the t r a inee  and i n c lu d e d  the  same s p a t i a l  and tempora l rela-

t i onsh ips  as those encountered when performing the operational t ;us ~ . In

add i t i on , recogni t ion  memory was p o s s i b l e  i n  t h a t  the calibrati on s ami d

n u m e r i c a l  va l ues were disp l ayed on the equi pment. ‘l’his information could

cue the  t ra inee  as to the correct actions. The experimental strateg ies ,

on the other hand , u t i l i z e d  d i f f e r e n t  spati al arid temporal relationshi ps

than those encountered in  the o p e r a t i o n a l  tasks.

1
I 1
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Reproduction Practice Stratçgy. In the reproduction strategy , the

trainee reproduced the control actions and system responses u s i n g  the med i-

um of paper-and-pencil. A scaled photograph (35% scale) of the opera-

tional equipment (without calibrations or numerical values) was provided

to the trainee. Fi gure 4 illustrates the pictorial representation of the

operational equipment. This drawing was t h en mod if ied by the  t r a i n e e  wi th

a pencil to illustrate his control actions and the resulting sy s t e m  re-

sponses as he performed the procedural t ask .  For example , the trainee

indicated contro l act ions by drawing  arrows to illustrate the direction of

the movement and lines to indicate the terminal position of the control or

d i sp l ay  indication . The depress ing of a pushbutton was indicated by put-

ting an X over the control. Illuminated li ghts were indicated by placing

small lines radial to the li ght . As with the convent ional strategy ,

l ea rn ing  u t i l i z i n g  th i s  s t rategy involved the sequential chainin g of

stimuli and responses. The previous system responses remained v i s ua l l y

accessible to the trainee by scanning the illustration.

The training sequence used for the reproduct i on strategy began with

the same illustrated written instructions as those used for the c ouv cn_

tional strategy. The task was then demonstrated to the trainee on the

operational (test) equipment . ‘l’his instruction was followed by ;u

demonstration of the procedure using the training device (paper and pcn iIL

The trainee then practiced the task (using paper and pencil) unti l lie

performed the procedure at the criterion level. The manner of handlin g

errors and providing feedback was the same for this strategy as for the

conventional strategy . After performing the practice task to criterion ,

38
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the t r a i n e e  performed a “p r o f i c i e n c y  c o n f i  rm n at ion ” trial on the op e r a —

t iona l  equi pment . T h i s  trial was intended to ensure that any di ffe u- c-iuces

in  performance tha t  migh t  he observed dur ing  the  ret ent ion  t r i a l  s W a ll  Iii

he due to forgetting rather than t r a n s f e r  problems f r amum the  I)ict ; ri:l

appara tus  to t h e  o p e r a t i o n a l  equ i I )m ( 11 ~ . I f  t ime  n u m b e r  c it C e c I l  r c  Oil t he

p r o f i c i e n c y  c o n f i r n u a t  ion  t r i a l  was  two or more g r e a t e r  t h a n  t h e  l a s t

t r a i n i n g  t r i a l  , the trainee t h e n  w e n t  back  to  t h e  reproduction I r ;i  l i i i  m i g

device and p r a c t i c e d  to c r i t e r i o n .

The reproduct ion s t r a t e g y  i n v o l v e d  act lye p a r t  i c i p a t  ion  i f  t h u

t r a i n ee  but w i t h o u t  t h e  exact  spat  i a I and temporal re I at  I on sh  i px I —

enced in the operational task. I~eca 1l memory was required in this

strategy more than the convention a l strategy, in t h a t  t he  c a l i b r a t i o n s

and numerica l values were not visually av a ilable to the  t r a i n e e  as cues .

h owever , once he had responded by mod i fy i ng t h e  ill list rat i on , t be v i scia I

p r e se nt a t  ion of previous a c t i on s  was  a v a i l a b l e  fo r  c u e i n g  the  m m e x t  ;u c t  1 0 m m .

This vi sum a 1 a c c e s s i b i l i t y  m u l  t he r e s u l t s  of p rev i  otis a ct  i o n s  w a s  t h e  pr i  —

mary cue available in the  r e p r o d m u c t  i on  s t r a t egy  t h a t  was l Il t av ;c i lab I I to

t h e  t r a i n e e  in  the next  e x p e r i m c - n t a l  st r at  e gy ,  b l i n d  p r a c t i c e .

B l i n d  P r a c t i c - e S t ra t egy .  ‘lii i ‘; st r a t e g v  was  d c x i  gimed s u i t - l u  t h a n  t h e

Ira m o e  was r e q u i r e d  to make  more extensive m i s c  of  h i s  memory i m a g e r y

capahi i i  t ies  in  p e r f o r m i n g  the  procedura l task . l ie reproduced t hue a:I  5 V
mot or responses a’; those produc ed i n  t he  r e p r o d m i - t  i on s t r a t e g y; h ow l e e r

I Ia-re was no visuall y ac c-es sihl e rei -o r-d of the ac t  ion ; imparted t o  til l’

t r a i n  i n g  med i um. The t r a i n  I ng med I urn cons i st ed of a h i  i mmd w r i t  i ng  nru echa —

n i  sm (ha I I  p o i n t  pen w i t h  a cover I I  Vi  r the point ) wh I c l i  d I d not mark  t i m e

4 ()
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1

photograph. The trainee presumably actively “interacts ” with the equip- -

ment through h i s  u t i l i z a t i o n  of imagery .

The t r a i n i n g  sequence for the imagery  s t r a t e g y  p a r a l l e l e d  the  sequence

fo r the reproduct ion St ra tegy .  The sequence was :  ( I )  i l l u s t r a t e d  instruc-

t ions d e s c r i b i n g  tim e o p e r a t i o n a l  t a s k , (2 )  d e m o n s t r a t i o n  on the  operat ion-

al equi pment , (3)  demonstration on the  t r a i n i n g  med i um , (4) practice on

the  t r a i n i n g  m e d i u m  ( w i t i m  i m m e d i a t e  f e e d b a c k ) ,  and  (5) performance of a

I “pr o f i c i e n c y  c o m ì f i  rmn at  ion ” t r i a l  on the  ope rat  i on a l  equipment  a f t e r  m e e t i n g

the c r i t e r ion  on the  t r ;u  i n i n g  d e v i c e .

As w i t h the  r e p r o d u c t i o n  s t r a t e g y , t h i s  st r a t egy  i n v o l ved the  t r a i n e e ’ s

I active p a r t i c i p a t i o n  althoug h the spatial and tempora l relationshi ps are

not i d e n t i c a l  (e .g .  . :3dY~, s c a l e,  o r i e n ta t ion to the body , e tc . )  to the  opera-

t i o n a l  t a s k .  Tn addi t ion to act ly e  nmm ot o r  partici p a t i o n , th i s st r a t egy  i s

desi  gned to  r e q u i r e  more a c t  ive  “pe rcept net  I”  l)art  i c i  p a t ion  than  ci ti ler of

the  o the r two St r a t eg i u s .  ~j V h a t  i s , t
V or re h e a r s a l  of the  previou s a c t i o n s ,

I i t  is  necessary to  deve lop  a “m e n t a l  scen a r i o ” wi  t ho u i t  t he  assi  s t ance  of

‘‘p h y s i c a l ’’ c-on f i  giurat (In ~~~~ -

I Tra i nm i~~ jriter ioiu

An ever present problem in the s tudy of l e a r n i n g  and ( e s p e c i a l l y)

1 re ten t ion  is determining the  appropr i a t e  c r i t e r i o n  at  which to d i s c o n t i n u e

t r a i n i  ng .  The re’;earch I i  t e r a t u r e  c i t e d  in t h e  In t r o d u c t i o n  has i n d i c a t e d

I the strong i n f l i i e n c m -  of the  “amount of t r a i n i n g ” on re tent ion . The “amount

I 
of t r a i n i n g ” can he v iewed  in  two ways ; t r a i n i n g  t ime  (or number of t r i a l s )

and te rmina l  p r o f i c i e n c y  level. 1m m t he  former case , the  actua l p ro f i c iency

1 
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leve l of the trainees can vary ex t e n s i v e l y .  T h i s  can resul t  in  d i f f i -

cu l t ie s  in the interpretation of retention scores. However , the l a t t e r

(proficiency) c r i t e r ion  has the d i sadvantage  t h a t , a l t h o u gh the t ra inees

meet the same c r i t e r ion , some perform many more t r i a l s  than o thers .  Al-

t h oug h t hese two approaches each have t h e o r e t i c a l a d v a n tages and d isad -

va n tages , the  proficiency level criterion is more realistic in most

opera t iona l  s e t t i n g s .  Therefore , t ha t  a l t e r n a t i v e  was chosen for the

present s tudy.

‘rhe problem remains , however , as  to “wha t ’  t h e  p r o f i c i e n c y  l eve l

sho u ld  he and how it  i s  assessed ( e . g . ,  less t ha n x errors , x number

of perfect t r i a l s , e t c . ) .  ‘Ihe p resent s t u d y  app roached  t h i  :; Tuest ion

from a quality assurance point of view. Using the analogy of a quali t y

assurance situation , the sample size in this experiment was 118 (possible

er rors d u r i n g  any one t r i a l , see A p p e n d i x  A ) .  The acceptable- q u a l i t y

leve l  (AQI. ) of ]~ was ado p ted as a p p r o p r i a t e  for  a r e t e n t i o n  exper i r ’u u ~m u t .

hi s i ng the  M i l i t a r y  St a m m dar d  105 1) m u l t i p l e  samp l i n g  p lan , t he acceptance

and re jec t  ion values were  as f o l l o w ’ ; :

Acce pt I f  No . of
h rrors is kqua l to Re jec t  I f  No.  of

or Less Than Errors is More Than

x () 5

x + l  3 8

x+2 () 10

x+3 
- 8 13

x+4 11 15

x+5 14 17

18 19
5~~
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The f i r s t  t r i a l  on which the t rainee made less than f ive  errors was des ig-

nated as the first criteriom l trial (x). If the  t r a i n e e  made zero er r or - ; , lie

met c r i ter ion (was considered t r a ined ) . Othe rwise , he performed another

t r i a l .  On th i s  t r i a l  ( x + l ) ,  i f  h i s  c u m u l a t i v e  pe r fo rmance  (errors  (In

t r i a l s  x p lus x ÷ l )  was three or less  lie met c r i t e r i o n .  If  h i s  nu mber of

cumulat ive errors was e i g h t  or more , i t  wa s  d e t e rm i n e d  t h a t  he had got t e n ~

in to  the cr i te r ion  t r i a l s  by chance and he was taken om it of the c r i t e r i o n

t r i a l s  and cont i nued per forming  the - t a sk .  I f , on t h e o ther  h an d , h i s

cumulative errors were between three and e i g h t , he performed another trial ,

and so on.

The bene f i t  of t h i s  s t ra tegy  i s  twofold. F i r s t , i t  accounts  f u r  f ern-

porarY f l u c tu a t i o n s  ( p o s i t i v e  and n e g a t i v e )  in  pe r formance .  Second , i f  a

t r a inee  reaches c r i t e r i o n  t r i a l  x÷ ( , lie i s  a s su med to  be t r a i n e d  a t  his

c h a r a c t e r i s t i c  asympto t ic  l eve l .  That i s , to  reach trial x+6, the trainee

had to perform s i x  t r i a l s  c o m i s e c n c t  i ve l y w i t h  e i t h e r t w o  or 1 icre e  e V r r V c l r V .

on each t r i a l .

Rete n t i o n Fva 1 n a t i o n  Test’;

An eva 1 oat ion  of the  ret ent  i on a t  t r i hut  tx of t h e  three i mist rime t i ona 1

s t ra teg ies was conducted a f t e r  an I n t ’ r v a l  of 70 days  (+ 10 days )  for e a c h

I subject .  Of the o r i g i n a l  60 sub j e c t ; , 54 r e tu rned  for the re ten t  ion I l - - ; l  ‘;.

The other six had left the ; u r e ; u .

J The procedure f o l l o w e d  d u r i n g  the r e t e n t i o n  t e s t s  invo lve - c l  t h e  t ra i l u c - e

E 
pe rforming the task  two successive times on t he  ope ra t iona l  equi pment .

Prio r to the two t r i a l s , a f i v e  m i n u t e  o r i e n t a t i o n  t i m e  was a l l o w e d  for

J the subject to refam i I i an  ze h i m s e l f  with th ( -  equipment  . The t r a i n e e s  were
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not a l l owed  to mani pula te  the equ ipment  d u r i n g  t i i s  t ime . Feedb ack :

as to errors and the correct ac t ion  was presented only for the step in-

volving the error (the previous and next steps were riot included in the

f eedback) .

R e t r a i n i n g

After the two retention trials were performed , t h e  trainees relearned

the t a s k  to the same c r i t e r i o n  as t ha t  used in o r i g i n a l  t r a i n i n g .  The

procedure fo l lowed d u r i n g  r e t r a i n i n g  wa s  i d e n t i c a l  to  the  p rocedure  used

d u r i n g  ori g i n a l  t r a i n i n g  under the th ree  r e sp e c t i v e  t r a i n i n g  e t r a t e g i e s

(devices) with the exception t h a t  t h e  i n i t i a l  i n s t r u c t i o n s and  demonstra-

t i on s  were not g i v e n . The r e t r a i n i n g  procedure i n v o l v e d  a “p r o f i c i en c y

c o n f i r m a t i o n  t r i a l ”  on the  o p e r a t i o n a l  equ i pment  , as  i n  t he  on g i an I

t r a i n i n g .  The s p e c i f i c  reason for t h a t  t r i a l  i n  I ’ -  re t r - u i n i n p  I t  - i

t r ans fe r )  ease was to c o l l e c t  more ‘- ‘t a  on t h e  d evi  Ci t r an s f e r  it ’ t i ’  i i i  m ug

p r ob lems  (as opposed t o  t h e  t a - - b I r : u r i - ;  f I r  o f V  t r a i n  i m m~ p r o b l e m s  d i  se-us sed

i n the nex t  s e c t i o n ) .

V
~~~~) T f f ~~r

A f t e r  a short (5 to 10 m i n u t e )  r e s t  p e r i o d , t h e  t r a  inc-es  th i n p :urt i -
ci pated in  the t r ans fe r  part  of the experiment. The transfer t;i s~ i t ; ’ I f

was desc r ib ed  i n  a p rev ious  sect i on .  Th e pr oc c-dui r e  i n  t h  I s p a r t  f
V 

~

study was i ’ n t ~ ical to t h e or i g ina l l e a r n i n g  procedure with the  except  ion

of n ot  i n c l u d i n g  ii liu strate d instruct i o n s .  R a t h e r , t h e  t r a i n ee  observed

lan e dem o n s t r a t i o n  of the  new ( t r a n s f e r )  t a s k  on the i~ erational equ ipmen t

;u r id erie On the t r a i n i n g  dcv i ce . The- t r a inee  th emu pract i c c - i l  t i m e  t r a n s f e r
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task on thQ t r a i n i n g  device u n t i l  c r i t e r i o n  was met and next performed

the transfer task on the  opera t iona l  equipment .

_u~~_~_c ~~

Sixty paid subjects (36 m a l e s  and 24 f e m a l e s )  p a r t i c i p a t e d  in  the

st u d y .  The s u b jec t s  ranged i n  age from 16 to 31 years . None of t he

s u b j e c t s  had bath extensive p r e v i o u s  e x p e r i e n c e  in  p rocedura l  t a s k s  or

t r a i n i n g  programs i n v o l v i n g  procedural tasks and they were representa-

t i v e  of i n c o m i n g  t r a i n e e s  to  such p rog ra r i u s .  For (V~~~u n r I r ) l e , such groups as

a i r c r a f t  p i l o t s  have  had e x t e n s i v e  previous experience that could signi-

f i c a n t l y  i n f l u e n c e  t h e i r  p e r f o r m a n c e  and were , t he r e fo r e , e x c l u d e d  as

par t i c i pants.

The s u b j e c t  sa mp l e  s i  ze w a s  d e t e r m i n e d  1w e ; t  i m r i a t  i n g  t h e  s t a n d a r d

d e v i a t i o n  expec ted  i n  t h e  c u r r e n t  s i  udv on t h e  l ) a s i  s of the  r e s u l t s  ob-

t a i n e d  by G r i m s l e y  ( 1 9 ( 9 )  . I n  t h a t  e x p e r i m e n t  , wil l cli umt  i i i  zed a 92 s t ep

procedure , a s t a n d a r d  r h -  c i  a t  I on of a pp m x  i mna t el y si x errors occurred  i n

the  r ( t e n t i o n  ‘;cores . h J s i n t ~ t h i s  c t  i m a t e , a m i d  a h - s i  red detectability

l eve l  of f i v e  e r rors  , t h e  vu l u t e  of was  a pp r o x  I n ua t  e l y  0.6. Referring

to the  O p e r a t i n g  C h a r a c t e r i s t i c  Curve for a t w o  t a i l ed  t e s t  with an

acc ep t a b l e  error of 0.05 and a c c ep t a b l e  1~ e r ror  of 0 . 2 0 , t he  r e s u l t i n g

necessary sample  was  20 s u bj e c t s  w i t  himm each of t he  th ree  e x p e r i m e n t a l

conditions.

Sheehan ’ s short  form of t h e  R e t t s  Q u e s t i o n n a i r e  Upon M e n t a l  I m a g e r y

and the Gordon Test of Visua l imagery Control (set- Richardson , 1969) were

a d m i n i s t e r e d  to the  sub jec t s  p r i o r  to t h e i r  pe r fo rming  the  experiment.

I
I
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Reproduc t ions  of these  q u e s t i o n n a i r e s  a re  i n c l u d e d  in Appendix  I i .  I m i

a d d i t i o n  to the  imagery  t e s t s , four  s e c ti on s  of the Wechsler Adult

I n t e l l i gence Sca le  (p i c t u r e  c o m p l e t i o n , a r i t h m e t i c , di g i t  span , and

( l i g i t  symbol)  were a d m i n i s t e r e d  to the subjects.

1 he scores  on both  t - he i m a g e r y  and the -
~~~ 

Ic; es t . s were filed Wi t II ’  i i j t

t h e  e x p e r i m e n t e r  k n o w i n g  t he  r e s u l t s .  h i s  “ b l i n d  p r ocedure ” r e d u c e s

ti ie p o s s i b i l i t y  of demand characteristics in ; d u i c h u  t i n - e x p e r i m e n t er

u n k n o w i n g ly  h i a s e s  the r e s u l t s .

Twenty  s u b j e c t s  were r a n d o m l y  ;u s s i g n e d  to e; ic l i  of the three training

s t ra t e g ies . Of t he  61) s r m b j  ect S 1 5-1 r e t u r n e d  fo r  t h e  r e m a i n d e r  of t lie

s t u d y .  The o t h e r  s i x  s u h j e V t s  had  l e f t  t i c -  ~ r -i-; u . 1ff t h e  S-I i~ - t n u m n i n ; ~

suhj -i -t s , 20 were i n  t he  c o n v e n t  i o n a l  s t r a t e g y  pro ip, 18 wer e  I :  I h i ’

r ep r oduc t  ion , and  16 were i n  t he h i i ad St r at  u ’gy g roup .

h x p er i m e n t a l  V a r i a b l e s

The v a r i a h l e s  i n v o l v e d  i i i  t h i s  s t u d y  e a r n  be v i l i f i e d  I n t o  t i v i V

c a t eg o r i c ’ ; : ( I )  independent variable , ( 2 )  - o n c o r m n i t  a n 1 \ r a r i ; u I l i V  , (3,

sub j ect van abl  es , (4 )  t re ;i t n r a - m i t  van a b l e - s  , and  (5 1 pe r f o n m n a n u c e  vu t V ;mb I e’;

l ; ; mc h of t h e s e  ca t egon i  i ’s  i s an ;i I y s i - il di fferent I V

Tn~~penden t Variable. The independen t carl m i l e  stud Ie ’i i n  h i s

CX J ) ~r i m en t  was the  t r a i n i n g  s t r ; i t e g v . ‘l’he I b u r e c  St r a t u V g i e s  wi n - In  r~ u i h-

UI) t h i s  fac tor  were  c h a r a c t e r i z e d  by t he m a n n e r  of  m u s t -  of th e  I t r e e  1 r ; u i r n -

i n g  devi c e ; d e s c r i b e d  i n  t u e  l ;m ,t s i t  ion .

Concorn i t an t  V a r i a b l e .  I t  was an t  j c  j p f l l  u - r h  that the vividness of

imagery w o u l d  i n t e r a c t  w i t h  t h e  t r ;u i n i n g  s t r a l e g i ( - s . Vividness of imagery

us ;m - ; - ; e s s e d by the  visual , audi  t o m e , inesthet Ic , and tact i le  p u r l  -
~ of
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I

the shortened Betts QMI , was treated as a concomitant variable and was

partialed out of the analysis of the independent variable through co-

variance adjustment . The relationship of imagery and performance was

also studied in a regression analysis.

I Subject Variables. Five measures were used to character ize the

subjects. The subject ’s self rating on the Gordon Test of Imagery

Control was used to assess the subject ’ s ability to manipulate

imagery. The scores from four sect ions of the Weschler Adult Intelli-

gence Scale (arithmetic , digit span forward , dig it span backward , and

digit symbol) were used to indicate the subject’s symbol manipulation

capab i l i ty .  In addit ion to these tes t s , the subject ’ s age , sex , and

- year in schoo l (if a student) were recorded.

Treatment Variables. In order to assess the influence of uncon-

trolled aspects of subject treatment , three measures were used . Due to

scheduling problems , there was some variability in the retention

interval for the subjects (70 days ~ 10). The retention interval was

recorded and its effect on retention , retraining, and transfer was

analyzed . In that  two experimenters were used to collect the data for

each subject (toe author and a graduate student in Human Factors), the

I experimenter that trained the subject was recorded. The experimenter

effect was subsequently evaluated.  Another treatment that  varied among

subjects was the time of day that they performed in the t ra ining and

retention , retra ining , and transfer sessions.

Performance Measures. The performance measures (dependent variab l es)

I used to evaluate the effectiveness of the training strategies can he
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divided into error measures, performance time measures , and device trans-

fer measures. The first type of measure involves sequence and setting

errors. The second pertains to the time required to perform the task.

The last type of measure assesses the problems in learning a task on a

t raining device and then t ransferr ing to the operational equipment. -

There were separate performance measures recorded for each phase of the

study ; training, retention , retraining, and task transfer. Table 1 pre-

sents a listing of the performance measures .

The primary measure of the training effectiveness of the devices was

the number of trials necessary for the subject to meet the training

criterion . In addition to the “trials to criterion° measure , the number

of both sequencing errors and sett ing errors and the total  number of

errors made during the training t r ia ls  were also recorded. With respect

to the time required to perform the task, three measures were used :

(1) time to perform first trial , (2) time to perform last ( training)

trial , and (3) total training time. The number of errors made on the

“pr of ic iency conf i rmat ion  t r ia l”  was recorded to evaluate the  device

transfer effect.,.

The performance measures used for the retention phase of the study

included the number of both sequencing and setting errors made on the

first retention trial. In addition , the number of errors reduced from

the first to the second retention trials and the percent of error reduc-

tion (errors on second divided by errors on first) were recorded.

The same performance measures were used for the retraining phase of

the study as those used in the training phase. The only measures used

in the t raining phase that were not used during retraining were the t imes
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to perform the first and last trials.

The measures used during the task transfer phase were the same as

those used in retraining. During transfer, however , an additional record

was made of the number of errors made on the first trial of the transfer

training.

I

I

1
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Table 1. Performance Measures

Performance Measures for Initial Tra ining

Number of trials needed to attain criterion performance .
Total number of errors made across all training trials.
Total number of sequence errors made across all train-

ing trials. V

Total number of setting errors made across all training
trials.

Total time required in performing a l l  t r a i n i n g  t r i a l s .
Time required to perform first training trial.
Time required to perform last training trial .
Number of errors made on the prof ic iency confinin iat ion

trial.

Performance Measures for Retention Evaluation

Total number of errors made on the f i r s t  r e t e n t i o n  t r i a l .
Number of sequence errors made on the  f i r s t  r e t en t ion

trial.
Number of setting errors made on the first retention

trial.
Decrease in the number of errors from f i r s t  to  second

trial.
Percent decrease from first to second trial.

Performance Measures for Retraining

N umber of t r i a l s  needed to a t t a i n  c r i t e r i o n  p e r fo rmance .
Total number of errors made across all retraining trials.
Total number of sequence errors made across a l l  r e t r a i n-

ing trials.
Total number of setting errors made across all retraining

trials.
Total time required in performing a l l  r e t r a i n i n g  t r i a l s .
Number of errors made on the proficiency confirmation

trial .

Performance Measures for Transfer of Trai ning

Number of trials needed to attain criterion performance.
Total number of errors made across all transfer trials.
Total number of sequence errors made across a l l  t ransfer

tr ia ls .
Total number of setting errors made across all transfer

trials.
Number of errors made on the first transfer trial.
Total time required in performing all transfer trials.
Number of errors made on the prof iciency conf i rmat ion

trial.
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I

I EXPERIMENTAL IIYPOTI-IESES

Ef1~ect of Instructional. Strategy

The effect of instructional strategy on ini t ia l  t ra in ing  time was

anticipated to be in favor of the conventional repetitive practice strategy

I both in terms of meeting the criterion and the shape of the learning curve.

In analyzing the operational task , it is evident that the ava i l ab i l i ty  of

I calibrations and numerical values on the controls and displays are a

salient cue to the trainee (recognition memory) .  The task of performing

the procedure without these cues was a more difficult task (requiring

I more recall memory) and , therefore, it was expected that the t ime to

in i t i a l l y  learn the procedure would be longer for the experimental  strate-

I gies. Using this rat ionale , it was anticipated that the order of merit

in terms of rapid learning would he the  convent ional  s t ra tegy,  fo l l o wed b y

I the reproduction strategy,  and in turn , fol lowed by the imagery s t ra tegy .

However , retention of the ability to perform the procedure over time

is where the u t i l i t y  of the experimental s t ra tegies  was expected to be

I exhibited . Two aspects of the la t ter  strateg ies lend themselves to bet-

ter retention . The first aspect pertains to the fact that the reproduc-

I tion strategy and particularly the imagery strategy were more difficult

( e . g . ,  requiring recall  memory) than the actual operational task ( e . g . ,

requiring recognition memory). This increased d i f f i c u l t y  in the experi-

mental strategies could be interpreted as “over t r a in ing ” which would

result in superior retention. The second aspect involves the efficiency

of encoding and storing information in memory . If mental imagery repre-

sentations are more effective than logical or symbolic representations ,
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then the experimental strategies should have resulted in superior reten-

t ion w i t h  the imagery s t ra tegy being the best.

A s i tua t ion that is often encountered in the work environment is

where there are minor changes to the sequence of actions and/or the

desired contro l se t t ings  in a procedure.  An i n s t ru c t i o n a l  s trategy,  that

can increase an operator ’ s a b i l i t y  to t r ans fe r  t h e  original training to

the new task is , there fore , des i rab le .  One h y p o t h e s i s  r e l evan t  to this

stud y was tha t  a “menta l  imagery o r g a n i z a t i o n ” of in fo rmat i on is more

adaptable to changes in the task (i .e., less susceptible to interference)

than is a “ log ica l , symbolic ” or g a n i z a t i o n .  That i , , , acce ssi n g an

imagery representation would be more e f f i c i e n t  t h a n  accessing a l o g i c - n i

representat ion when t ransfer r ing  from one task to another. Under thi s

hypothesis , the exper imenta l  s t ra teg ie s wou ld he superior to the Cofl”r -l n-

t i o n a l  strategy in l ea rning  the new t a s k .

Interaction of Instructional Stratejty and Pcrc~ ptual StYle

A l t hou gh the main  e f fec t  of pe rcep tua l s t \ - l e  in  t r a i n i n g ,  re te n t i o n ,

and transfer was of interest in t he present study, its interaction with

instructional strategy was of ma lor i mportance. The basic hypotheses

concerning this interaction predicted that the tr~iinees with more vivid

imagery would perform better under the experimental strateg ies r e l a t i v c

to the  t ra inees  w i t h  low imagery v i v i d n e s s .  S i m i l a r l y ,  i t  was a n t i c i p a t e d

t h at low ima ger s wou ld  perform h e t t u - r  under the c o n v e n t i o n a l  s t r a t egy

re l a t i ve  to t h e  h i gh imager.  T h i s  re l a t i o n s h i p was a n t i c i pa ted to be

cons i s t en t  across a l l  t r a i n i n g  c o n d i t i o n s  (initial training . retention ,

and transfer of training).
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RESULTS AND DISCUSSION

A number of separate analyses  were performed to test the hypotheses

discussed in the previous section . The error and performance t ime data were

submit ted to an ana lys i s  of va r i ance  and covariance to evaluate the rela-

t ive  effect iveness  of the three t r a i n i n g  strateg ies .  In addit ion , a

regression anal y s is  was performed to investigate the relationshi p of men-

tal imagery and the performance measures. The analysis of variance

(performance t ime  data)  and the ana ly s i s  of covariance (error data ,

Betts  imagery test  score covaried) were one way ana lyses  involv ing

three factor  l e v e l s  of t r a in ing  s t ra tegy ; convent iona l , reproduction ,

and L l i n d .

The tabular results of the analyses present the means and standard

d e v i a t i o n s  of the measures (and t h e i r  t r a n s f o r m s  when necessary)  w i t h i n

each of the three factor levels. The tables include the F ratio , number

of deg rees of freedom , significance level , and i n d i v i d u a l means compari-

son s using the Neuman-Keuls test . Although the alp ha errors for both

p < .10 and p < .05 are presented for the reader , the cr i ter ion for

re jec t ing  the nul l  hypotheses was p < .05 for the present s tudy.  There-

4 fore, only those measures that were reliable beyond the .05 level will

be discussed as being statistically si gnificant .

Preliminary Analyses

Preliminary tests of the normality and homogeneity assumptions of

analys is of var iance and regres sion analys is were conducted. The test

was used to test the normality assumption and the F test was used tomax
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test for homogeneity of variance (proportionality of means and variances).

The raw data were transformed for the measures that  v io l a t ed  one or both of

these assumptions (p < .10). The range statistic was used to choose a

transformation. On th e bas i s  of t h i s  t es t , the square root transforma-

t i on  was chosen. The t r ans fo rma t ion , /~~ + w a s  u sed for m easu r es

w i t h  values  less than ten (Winer , 1971) .

Analyses of Task Performance Times

i’he means and standard d e v i a t i o n s  of the performance  t i m e  measures

(and their  t ransforms)  are presented in  Table 2.  An an al ysis o f var i an ce

was performed on the data , the results of which are presented in  Tab le  3.

A strong V~ff ect  tha t  was obse rv ed dur in g ori g i n a l  t r a i n i n g  w a s  the

d i f f e r e n c e  among the t r a in ing  t imes  for the three s t r a t eg ies .  This ef—

fect was i ndica ted  for to ta l  t r a i n i n g  t ime , time to perform the first

trial , and time to perform the last trial. During the first trial , the

task practiced under the conventional strategy was performed the f
V VIst c5t

fo l  l owed by the reproduc t ion , and then  t he h l i nd St rategy .

T h i s  is cons i s t en t  w i t h  the assumed i n f o r m a t i o n  r o c i s s i n g  a c t i v i -

t i e s  (and r e s u l t i n g  t i m e ) tha t  are required under each of ne strateg ies .

The trainee was provided wi t h  cues  from the cal ibra t ions and numerical

values Ofl the controls  and d i s p l a y s  in the conventional strategy that he

d i d  not have a v a i l a b l e  in the e x p e r i m e n t a l  ( reproduct i on  and b l i n d )

strateg ies. With respect to feedback as a r e s u l t  of previous ac t ions

and the subsequent cueing of the next action , the conventiona l and the

reproduction strategies prov i ded the trainee with a “hard copy” repre-

sen t at i on  of the ef fec t  of h is  previous  a c t i o n s  t h a t  was not provided
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Table 2
MEANS AND STANDARD DEVIATIONS OF PERFORMANCE TIME

MEASURES AND THEIR TRANSFORMS (IN MINUTES)

STRATEGY 
________________

CONVENTIONAL REPRODUCTION —- BLIND
MEASURES MEAN SD MEAN SD MEAN SD

INITIAL TRAINING
TIME ON FIRST TRIAL 17.14 4.59 19.37 5.40 22.25 7.14
TIME ON LAST TRIAL 6.86 1.36 6.90 2.20 8.28 1.74

f TOTA L TRAINING TIME 71.86 26.64 BC .80 37.48 106.71 49.32
I (TRANSFORMED ) 8.35 1.51 9.~7 191 10.12 2.12

RETRAINING
TOTAL TRAINING TIME 27.69 12.73 29.37 7.67 31.54 10.87

TRANSFER

I TOTAL TRAINING TIME 29.39 10.01 31.08 18.98 42.61 22.64
I (TRANSFORMED) 5.35 0.91 5.37 1.55 6.33 1.67

I

/

I V
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Table 3
SIGNIFICANC E TABLE FOR PERFORMANCE TIME MEASURES

AND THEIR TRANSFORMS

MEANS
MEASURES F dF p< .O5 OS<p< .lO COMPARISON

TRAINING
TIME ON FIRST TRIAL 3.76 2,56 0.030 C;B
TIME ON LAST TRIAL 3.57 2,56 0.036 C, R;B
TOTAL TRAINEE TIME (TRANSFORMED ) 4.15 2,56 0.021 C,R;B

R E T R A I N I N G

TOTAL TRAINING TIME <1 2,50

TR A NSF ER
TOTAL TRAINING TIME (TRA NSFORMED) 2.74 2,50 0.074

* C,R;B INDICATES THAT Xc AN D X R ARE STATIS TICALLY DIFFERENT
FROM X9 BUT NOT DIFFER ENT FROM EACH OTHER AS
DETERMINED BY NEUMAN KUELS TESTS (C CONVENTIONAL
A = REPRODUCTION . AND B = BLIND ).
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I
I

in the blind strategy. The processing (memory recall) time for the repro-

duction strategy should be longer than for the convent iona l  s t rategy in

that  the l a t t e r  provides i n i t i a l  cueing;  however , it should be fas ter

than for the blind strategy In that  resul ts  of previous actions are provided

and do not need to he mentally reconstructed as in the blind strategy .

Finally, the time necessary to perform the task under the blind strategy

should be the longest  in tha t  memory (and the resultant processing time)

must be used to both cue the trainee in terms of display and contro l

se t t i ngs , as w e l l  as to reconstruct  the resu l t s  of previous act ions .

A l l  three s t ra tegies  were significantly different from each other for

the t ime  to perform the f i r s t  t r i a l .  However , on ly  the  b l i n d  s trategy was

different from the other two in the total training time and the time to

perform the last trial. This result could indicate that having calibra-

tions and numerical values visible is less important (or at least takes

less t ime ) t han  the r econs t ruc t ion  of the  r e s u l t s  of previous a c t i o n s .  In

that there is also a possible differenti al learning effect relative to these

measures , it i s a l s o  f e a s i b l e  t h at t h e n um e r i ca l s e t t i n gs a re so “over- -

learned” by the t i m e  tha t  the sequence is learned (last triai ) that it

takes  l ess t ime (per r e c a l l )  at the end of t r a i n i n g .  That is , d u r i n g  the

first trial , recall of the settings takes a si gn i ficant amount of time and ,

therefore , contributes to the difference among all three conditions. How-

ever , during the last t r i a l , if the reca l l  of s e t t i n g s  is rapid (due to

over learn ing) , then the reconstruct ion of past ac t ions  is the prime contri-

hutor to the performance t ime . In t h i s  case , on ly  the b l i n d  s t ra tegy should

differ from the conventional and reproduction strategies , with the latter

two not being significantly different .
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An i mportant aspect  of t r a i n i ng  time in evaluating a training

strategy is the cost effectiveness of the s t r a t e g y .  For example , i n  the

present case , th e ex per i me nt al  st rateg ies (p ape r  and pencil) would be

cheaper to imp l ement than h a v i n g  the t ra inees  p r a c t i c e  on t h e  o p e r a t i o n a l

equi pment or on a h ig h f i d e l i t y  mock-up . However , i f  t he t i f f l e  r e q u i r e d

to t r a i n  t he in di vi dua l i s lon ger , the  cost e f f e c t i v e n e s s  of the st r a t e g y

is p ropor t iona te ly  reduced.

The r e su l t s  of t h i s  study indicat e that t he  t o t a l  t i m e  to l e a r n  on

t he b l i n d st ra tegy  is approx ima te ly  1.5  times as long  as  that requircc 1 to

le arn on the convent ional  s t ra tegy .  Therefore , t h e  t o t a l  oi ) e r at i o ! l  and

mai ntenance cost of the h i  m d  s t r a t e g y  woul d  have  to  he more t h a n  35 per-

cent less cos t ly  than the convent iona l s t r a tegy  to  make it c~~;t t f f c-~ t i v e

(all other things being equal). The t ime  required to learn on the repro-

duc t i on  s t ra tegy is  closer to that  of the c o n v e n t i o n a l  s t ra tegy .  In t h i s

case , t he costs for the reproduct ion approach  wou ld  on l y have  t (  he I ~

percent less expensive than t h e  c o n v e n t i o n a l  t m aI ~( i t  cost  e f fec t  i v e .

Analyses of Error  Measures

The means and s t anda rd  dev i a t  i o n s  of t h e  V r r u r  pe r fo r m an ce m e a - i n r c - s

(and the i r  t r ans forms)  are  g iven  in  EV a hl e  -I for  each of the  t r a i n i n g

s t ra tegies .  In tha t  i t  was a n t i c i pa ted  that v i v i d n e s s  of i m a g e r y  w o u l d

i nteract  wi th  the t r a i n i n g  s t r a t e g i e s , w i t  hi r c s j o c t  t o  error sc ) i V ( s •

an a l y s i s  of covariance was performed on the  d a t a .  Table S i l l u s t r a t e s  t h e

r e s u l t s  of that  ana lys i s .

The usual measure of the e f f e ct  ivc -n c ss  of a t r a i n i n g  appr oach  i s  the

number of t r i a l s  requi red  to  l ea rn  t h e  t a s k  rather than the amount of
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I
Table 4

I MEANS AND STANDARD DEVIATIONS OF
• ERROR MEASURES AND THEIR TRANSFORMS

I — 

CONVENTIONAL REPRODUCTION BLIND

MEASURE MEAN SD MEAN SD MEAN SD

I TRAINING
TRIALS TO CRITERION 6.55 2.55 7.61 2.32 7.75 1.64
TOTAL ERRORS 49.85 25.70 62.17 30.50 73.44 30.13

I SEQUENCE ERRORS 41.70 20.06 52.17 26.22 55.94 25.12
SETTING ERRORS 8.00 6.82 10.11 6.84 17.81 10.96

I RETENTION
I TOTAL ERRORS 42.05 6.19 37.50 4.59 39.81 6.80

SEQUENCE ERRORS 28.65 7.21 25.00 4.74 26.13 6.31
SETTING ERRORS 12.85 3.91 12.50 2.70 13.69 2.27
(TRANSFORMED ) 3.54 0.61 3.51 0.40 3.69 0.31
DECREASE IN ERRORS 26.15 6.63 22.39 4.08 22.94 6.07
PERCENT DECREASE 37.30 10.02 39.94 10.71 41.87 12.81

RETRAINING
TRIALS TO CRITERION 3.75 1.55 3.88 0.96 3.81 0.91

I TOTAL ERRORS 14.85 10.81 16.27 8.35 18.88 12.57
SEQUENCE ERRORS 13.15 10.16 13.88 7.71 14.69 8.11
SETTING ERRORS 1.70 1.66 2.44 1.79 4.19 5.65

I (TRANSFORMED ) 2.61 1.30 3.16 1.27 3.72 2.23

TRANSFER
TRIALS TO CRITERION 4.25 1.29 4.33 1.81 5.31 2.09
TOTA L ERRORS 21.85 12.24 23.72 22.75 37.69 27.06

- 
(TRANSFORMED ) 4.49 1.32 4.38 2.19 5.79 2.10
SEQUENCE ERRORS 17.30 9.20 19.78 19.23 27.00 17.30
(TRANSFORMED ) 4.02 1.08 4.03 1.93 4.96 1.61
SETTING ERRORS 4.80 3.76 4.11 4.21 10.63 10.60

I (TRANSFORMED ) 4.69 4.03 4.42 4.81 6.48 5.94
- ERRORS ON FIRST TRIAL 11.25 5.55 9.72 6.57 15.38 6.67
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Table 5
SIGNIFICANCE TABLES FOR ERROR
MEASURES AND THEIR TRANSFORMS

MEANS 1
MEASURES F dF p(.05 .O5<p<.lO COMPARISON

TRAI NING

TRIALS TO CRITERION 1.15 2, 56
T O T A L E R R O R S  1.68 2, 56
SEQUENCE ERRORS <1 2, 56
SETTING ERRORS 4.87 2, 56 .011 C,R;B

RETENTION
TOTAL ERRORS 3.44 2, 50 .040 C;R

SEQUENCE ERRORS 3.32 2, 50 .044 C;R
SETTING ERRORS (TRANSFORMED) <1 2,50
DECREASE IN ERRORS 2.79 2, 50 .071

PERCENTAGE DECREASE < 1 2.50

R E T R A I N I N G
TRIALS TO CRITER ION <1 2, 50
TOTALERRORS <1 2. 50
SEQUENCE ERRORS < 1 2,50
SETTING ERRORS (TRANSFORMED ) 1.29 2, 50

TRANSFER
TRIALS TO CR ITER ION 1.30 2,50
TOTAL ERRORS (TRANSFORMED) 2.10 2, 50
SEQUENCE ERRORS (TRANSFORMED ) 1.29 2, 50
SETTING ERRORS (TRANSFORMED) 3.86 2, 50 .028 C,R;B
ERRORS ~N FIRST TRIAL 2.97 2, 50 

______ 

.060
_—  _____________

1 IND I V IDUAL MEANS COMPARISON USING NEUMANN ~
KEULS TEST (p<.05). C,R;B INDICATES THAT
CONVENTIONAL AND REPRODUCTION DID NOT
DIFFER , HOWEVER , THE BLIND CONDITION D I F F E R E D
FROM BOTH. C;R 1NDICATES THAT CONVENTIONAL
AND REPRODUCTION DID DIFFER.
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I
time necessary . It was o r ig ina l ly  anticipated that the conventional

strategy would be superior (fewer trials to criterion) in this respect ,

followed by the reproduction and then the blind strategy. Although the

rank order of the means for these conditions are consistent with  this

anticipation , the differences among the strategies were not statistically

significant (p > .10) . The same lack of si gnificance occurred for both

the total number of errors and the number of sequence errors . This  re-

sult is consistent with much of the literature on training devices (Cox,

et al. 1965; Grimsley, 1969a, l969b ; Mirabella , 1974; Sitterly, 1974).

That is, the results of the present study support the idea that the corn-

plexity (fidelity) of a t raining device does not necessarily impact upon

the number of trials an individual must perform to learn a task .

The one measure that did i l lus t ra te  a d i f ference  among the s t ra teg ies

was the number of setting errors. The conventional and the reproduction

strategies were reliably different from the blind strategy in this re-

spect. This was the case during both initial training and task transfer

trials. The difference between the conventional and the blind stra tegy

is not surprising in that the conventional strategy provides cues to the

trainee as tc the range of values appropriate for a set t ing (e .g . ,  0 to

100 vs 0 to 10) and the fineness of the graduation (is , lOs , e t c . ) .  This

additional information should lead to fewer setting errors. The fact

that the reproduction strategy grouped with the conventional and was

s ignif icant ly  different  from the blind strategy is somewhat surprising.

If the aforementioned cueing accounts for the difference between the con-

ventional and blind strategies , then the reproduction strategy should

group with the blind strategy .
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One possible exp lanation of the obtained results is that setting

errors can be reduced by eliminating the possibili t ies as they are used .

That is , in both the conventional and reproduction cases , the trainee can

view the “hard copy” of previous settings and eliminate those from his

possible future settings . This “hard copy” is not available in the blind

case; but rather, the trainee must utilize memory to eliminate the set-

tings he has previously used.

Because the blind strategy required the use of memory, it was anti-

cipated to be superior for task retention. However , in retention, the

reproduction strategy was sign i f icant ly  superior to the conventional

strategy on the basis of the total number of errors , with  the blind

strategy being between the other two (not s ign i f i can t ly  different from

either) . This effect was primari ly due to sequence errors rather than

setting errors.

Therefore , although setting errors is a good discriminator among

the strategies during training, it is the sequence errors that discrimi-

nate among them for retention purpose s. This conclus ion is also supported

(for the present study) by the performance time result previously dis-

cussed. The conclusion was that time differences on the last trial might

be explained by the occurrence of over-learning with regard to settings

by the tine the entire sequence was learned . If this is the case , it is

reasonable that the number of sequence errors rather than setting errors

be used as a discriminator during retention t r i a l s .

There were no specific hypotheses related to the retraining. The

retraining served to establish a baseline level for the task transfer

portion of the study as a function of t raining strategy. There were no
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I
significant differences among the three strategies within either the

error or the performance time measures. However , as with  the t ra in ing

and transfer data , these data indicate that t ra in ing device f ide l i ty  does

not have to be high for refresher training.  Pa r t i cu la r ly ,  once the indi-

vidual has learned the task and performed it on the operational equipment ,

the training device does not have to be dynamic to relearn a t a sk .  This

is consistent wi th  the results found by S i t te r ly  and Berge (1972) for

emergency procedure refresher t ra ining.

The most sensitive measure of task transfer effects in this study

was the number of errors made on the f i rs t  transfer  t r i a l .  Al though  the

hypothesis that there is no difference among conditions cannot be rejected ,

the ~ error obtained was 0 .06. As wi th  the t ra ining t r i a l s , the number

of setting errors was s ta t i s t i ca l ly  s ign if icant  for the first transfer

trial. The blind strategy , again , was different from the other two.

Figure 5 i l lustrates the learning curves obtained during in i t ia l

training for each of the three training strategies. Figures 6, 7, and 8

present Vincent learning curves for the three strategies within initial

t ra ining,  retraining,  and task transfer t ra in ing,  respectively. Vincent

curves present “standardized” scales for both the number of errors and

the number of trials. The number of errors on the first trial is desig-

nated as the 100 percent point ; similarly, the number of errors on the

last tr ial  is desi gnated as the  0 percent point .  The intermediate error

scores are proportioned. The tria ls are sim ilarly scaled with the first

trial being 0 percent and the last trial being the 100 percent point.

This method of present ing learning curves provides a comparisor of the

shape of the learning curves , independent of the d i f f i c u l t y  level of c~ich
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X 100 59.4 48V45 39.33 25 47 19 75 14 30 575 2.64 90 - 3.15
n 20 10 11 15 15 8 15 12 14 10 20
SD — 1748 11.56 1643 1266 1279 921 7.24 3.86 1 .91 3.67

REPRODUCTION
X 100 73.23 51.00 41 15 28 18 21.93 12.57 6.67 1.47 2.64 2 75

20 11 12 17 14 14 14 12 17 11 20
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90 — — — —  REPRODUCTION TRA INING STRAT EGY

— BLIND TRAIN ING STRATEGY
8O~~~’

~ 7 0 •  ~

~ 60 \ /‘U . \N 5 0 .
a

‘I \~‘N\
20 

\_ . _ _~
10 •  ~~

__
~%_ /

:~ ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ ~~~1O

STANDARDIZED TRIALS

CONVENTIONAL
g 100 62 67 48.3 43.7 125 18.3 0 3.9 0 75

20 1 3 14 3 11 3 8 8 2 20
SD -- — 14.7 18.4 11.0 14.6 6.1 0 6.2 0 10.7

REPRODUCTION

~ 100 63 67 46.5 35.3 14.3 4.3 0 1.1 0 15V l~

r 19 1 6 11 7 9 7 4 13 1 19

SD — — 25.4 20.1 21.2 16.2 23.6 0 2.6 0 26.7

BLIND

R 100 41 68 41.9 16.5 12.3 10 5 4.1 0 6.9
f 17 1 2 15 2 12 2 5 9 1 17

SD — — 1.4 16.9 2.1 13.4 2.8 8.7 8.8 0 9.6

Figure 7 VINCENT LEARNING CURVES FOR RETRAINING
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20 1 7 14 7 8 7 8 12 2 20

SD 396 — 18.3 23.6 10.1 22.5 8.7 2.4 8.5 - 2 .4

REPRODUCTION

~ 100 80 63.4 46.9 30.5 25.9 13.7 5. 1 .6 0 9.6
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~ 100 69.8 51.8 50.3 35 23.5 13 . 7 4.5 .6 0 2. 4
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cond i t ion  (in terms of i n i t i a l  errors and t r i a l s  to c r i t e r ion) .  Some of

the i r r e g u l a r i t i e s  in the curves are due to a limited number of observa-

t i o ns f a l l i n g  in the range (pa r t i cu la r ly  the 5 to 15 percent category) .

A very important aspect of the present study was the context pro-

vided  to the subjects  in the task .  As discussed in the introduction , the

m a j o r i t y  of the  research conducted on t r a in ing  and re tent ion has u t i l i z e d

experimental tasks that involve no context that the subjects could use in

an a ssoc i a t ive  manner . As a r esu l t , the  a b i l i t y  of humans to learn and

re t a i n  a sequential task has been underestimated . The results of the

present study revealed tha t  a representative nperator can learn a task of

87 steps and :31 s e t t i n g s  w i t h  no checklist provided in approximately six

to seven r e p e t i t i o n s  of the  t a s k .  The i n c l u s i o n  of a reasonable (repre-

sentative o f t h e  rea l  world task) amount of context is necessary in

fu ture  research to assure valid conclusions.

Afl
~~.Ls

cs of I)ev i cc i f  I :rrors

The means  and s tandard d e v iat i o n s  of the device transfer errors are

presented in Table  6. The analysis of covariance results from these data

are presented in Table 7.

P o s s i b l y ,  one of the  most i mportant  r e su l t s  of the present study is

the  case w i t h  wh ich  the  trainees transferred from the experimental (paper

and p e n c i l )  t r a i n i n g  dev i ces to the operational equi pment (device trans-

fer). In both training arid task transfer port i ons of the experiment , no

d i f f e r e n c e s  were si g n i f i c a n t  i n  term s of t ransfe r  from the experimental

devices to the  opera t ional  equi pment (p > . 2 5 ) .  In the re t ra in ing  por-

t ion  of the  s t u d y ,  the d i f f e r ences  were not s i gn i f i can t  (a l thoug h they —
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Table 6
MEANS AND STANDARD DEVIATIONS OF

DEVICE TRANSFER ERRORS AND THEIR TRANSFORMS

_____________ 
STRATEGY 

______________

CONVENTIONAL REPRODUCTION BLIND
MEASURES MEAN SD 

-_
MEAN SD MEAN SD

TRAINING DEVICE 1.15 0.58 1.17 0.62 1.56 1.20
TRANSFER ERRORS
(TRANSFORMED ) 2.46 0.59 2.49 0.53 2.61 1.08

RETRAINING DEVICE 0.60 0.68 1.06 0.73 1.06 0.77
TRANSFER ERRORS

TRANSFER DEVICE 0.65 0.81 1.17 0.99 1.13 2.41
TRANSFER ERRORS
(TRANSFORMED ) 2.61 1.30 3.16 1.27 3.72 2.23
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Table 7
SIGNIFICANCE TABLE FOR DEVICE TRANSFER

ERRORS AND THEIR TRANSFORMS

MEASURES F dF p

TRAINING DEVICE TRANSFER ERRORS (TRANSFORMED ) >1 2, 56 >25

RETRAINING DEVICE TRANSFER ERRORS 268 2, 50 .079

TRANSFER DEVICE TRANSFER ERRORS (TRANSFORMED ) 1.11 2, 50 >.25

70
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were not above the .25 l evel). Onl y twice in the 108 device transfer

t r i a l s  (40 dur ing  t r a i n i n g ,  34 du r ing  r e t r a i n i n g ,  and 34 during t r ansfer)

d i d a sub jec t  make more than two more errors on the operational equipment

than on the last  t r a i n i n g  t r i a l .

Regre ssion Analyses of Imagery

A variable of primary interest in the present study was mental

• imagery . Table 8 presents  the c o r r e l a t i on  of the imagery scores and the

various performance measures. h i  a d d i t i o n , Table  8 a lso  pr esents th e

regression c o e f f i c i e n t s  and the t s t a t i st i c s  for the  coef f ic ien t s.  Table

* 9 i l l u s t r a t e s  t h e  relationshi p of the regression coefficients within each

of the three training strategies .

Ori g inally,  it was ant i cipated that there would he little effect of

imagery on the c o n v e n t i o n a l  s t r a t e gy ,  and  t h at i n the b l i n d st r at ’~gy,  t he

more vivid imager would perform better than the less vivid imagcr. How-

ever , the data  su pported ju s t  the  oppos i t e  w h i c h  led  to a major  f i n d i n g

o f the s tudy .

The v i v i d n e s s  of i m a g e r y  had - m u c h  m ore p r e d o m i n a n t  e f f ec t  w i t h i n

the conven t i ona l  training strategy relativ e t o  t he  two experimental con-

d i t i o n s .  I~e f e r ri n g to T a b l e  9 , 15 of t h e  .~~~ relationshi ps between imagery

— and the performance measures were s t a t i s t i c a l l y  si g n i f i c a n t  when us ing

the  con v e n t i o n a l s t r a t e g y .  F or  the  r e p r o d u c t i o n  s t ra tegy , o n l y  one rela-

t - i o n s h i p was si g n i f i c a n t , w h i l e  t h er e were ei ght for the  b l i n d  s t ra tegy .

‘lhc~~e r e su l t s  i nd ica t e  tha t  the  c o n v e n t i o n a l  s t r a t e g y  is s u f f i c i e n t  (or

possibly superior) for the less vivid imager but that it is handicapp ing

7]
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Table 8

REGRESSION ANALYSIS OF IMAGERY AND THE
P E R F O RMANC E MEA SU R E S

MEASURE r p<O5 .O5<p<.10

INITIAL TRAINING
TRIALS TO CRITERION .19 .032 X
TOTA L ERRORS .36 .790 .001
SEQUENCE ERRORS .34 605 .001
SETTING ERRORS .31 .191 .05
TRAINING TIME FIRST TRIAL .18 .074 X

TRAINING TIME LAST TRIAL 33 .045 .001
TOTALTRA INING TIME .39 1. 133 .001
DEVICE TRANSFER ERRORS -03 -.002

RETENTION EVALUATION
TOTAL ERRORS 45 .250 .001
SEQUENCE ERRORS .41 .195 .001
SETTING ERRORS .18 .044 X
DECREASE IN ERRORS .15 .066
PERCENT DECREASE .27 .002 .05

RETRAINING
TRIALS TO CRITERION .26 .023 .05
TOTA L ERRORS 44 .033 .001
SEQUENCE ERRORS .42 280 .001

SETTING ERRORS .19 048 X
TOTAL TRAINING TIME .38 306 .001
DEVICE TRANSFER ERRORS .

~~5 .
~~o4

TRANSFER OF TRAINING
TRIALS IO CRITERION .19 .025 X
TOTAL E R R O R S  .23 .373 .05
SEQUENCE ERRORS .24 V2/9 .05
SETTING ERRORS .18 .092 X
ERRORS ON FIRST TRIAL .18 .086 X
TOTAL TRAINING TIME .19 .249 X
DEVICE TRANSFER ERRORS .01 .001
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Table 9
REGRESSION ANALYSIS OF IMAGERY BY TRAINING STRATEGY

STRATEGY 
_____________

MEASURE CONVENTIONAL REPRODUCTION BLIND
r /3 r

I N I T I A L  T R A I N I N G

TR IALS TO CRITER ION .38 .0454* -.09 •.016 .47 .103
TOTAL ERRORS .43 .8024 * .25 .538 .45 1.277 ’
SEQUENCE ERRORS .39 .563~~ .20 .374 .49 1.166
SETTING ERRORS .47 .230~ ’ .37 .179 .12 .129
TRAINING TIME FIRST TRIAL .49 943** .19 .224 .53 1.984~~
TRAINING TIME LAST TRIAL .24 .023 .56 .087 k .05 .009
TOTAL TRAINING TIME .45 .861 k .22 .572 .62 2.870~~
DEVICE TRANSFER ERRORS -.26 ~~~~~~~ - .17 . 008 .26 .030

RETENTION EVALUATION
TOTAL ERRORS .74 .496 .12 .040 .22 .144
SEQUENCE ERRORS .57 .293’ .27 .090 .33 .193
SETTING ERRORS .62 .174 - .27 - .051 .23 . 049
DECREASE IN ERRORS .56 .265~~ - .29 - .083 - .11 - .065
PERCENT DECREASE .23 .002 .35 .003 .24 .003

RETRAINING
TRIALS TO CRITERION .48 .052 -.18 - .012 .41 .035
TOTA L ERRORS .54 .424 .22 .129 .46 54Q**
SEQUENCE ERRORS .55 .396~~ .11 .089 .55 .420’
SETTING ERRORS .23 .027 .29 .036 .23 .120
TOTAL TRAINING TIME .51 .464 .18 .095 .39 .393
DEVICE TRANSFER ERRORS .05 .003 - .39 - 020 .14 .010

TRANSFER OF TRAINING
TR IALS TO CRITER ION -.09 - .009 .30 .038 39 .076
TOTAL ERRORS .02 - .017 .29 .46 1 .41 1 .047
SEQUENCE ERRORS .01 .009 .30 .398 .39 .625
SETTING ERRORS .02 .004 .09 .027 .42 .418
ERRORS ON FIRST TRIAL .08 - .033 28 .127 .42 .262
TOTAL TRAINING TIME - .22 ..158 .33 .443 .35 .740
DEVICE TRANSFER ERRORS .42 .024’~ .30 . 020 -.05 ..01 1

‘4 INDICATES A SIGNIFICANT/ I VALUE AT THE
p<.O5 L EVE L.
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to the more v i v i d  i ma g e r .  P e r f o r m a nc e  of low imager s  was comparable  to

the performance of h i gh imagers when the reproduct ion s t ra tegy was used .

Furthermore , the mean p e r f o r m a n c e  of the reproduction strategy group was

superior to the  mean for t h e  c o n v e n t i o n a l strategy group . The r e s u l t i n g

in te rac t ion , ho~~ever , res u lted in t h e relative performance being in the

fa vor of the c o n v e n t i o n a l  s t r a t e g y  for the  low ima ger s , but in the oppo-

si te di rec t ion  fo r t h e  hi gh im a ge r s . I b i s  a l s o  suppor ts  the conte n t i o n

t hat performance  can he e nh a n c e d  by i i a t c h i n g  t he  t r a i n i n g  s t r a t e g y  w i t h

t he t rainee ’ s c o g n i t i ve  s t y l e .

Ana lys i s  of Subj ec t  S ex  l~f fc c t s

Subseque nt  to the i n i t i a l  an ;u l  ~es of t h e  i n depende n t va r i a b l e , a

t h r e e V~way a n a l y s i s  of cova r i an c e  ( im a g er y  score cova r i ed )  w~ s performed

on the  error scor e s  and  an a n a l v s i  s of v a r i a n c e  y~ ~ pe rf ormed on t h e t in c

sco res. V j V j  facto rs i n c l u d e d  t h e  Sex of t he  siib~ ect ( two le vel s ) , t h e

experimenter (two l e v e l s ~~, and  t r a i n i n g  strategy (three levels). V I V V L I ) l e

10 i l l u s t r a te s  the perform~ince v a r i a b l e s  that were s i g n i f i c a n t  l v  di f t V
erent

beyond the 0.10 and 0.05 levels. It should be noted that this is a post

hoc a n a l y s i s  i n  t h a t  i t  i s  a second a n a l y s i s  on t h e  same d a t a  t h a t  were

used in the final (one—s-nv ) a n a l  v - i s  of  t h e  i n d e p e n d e n t  v a r i a b l e , t r a i n -

ing s t r . it c g y .  F l e r e f o r e  , t h e  r eade r  one choose to he c a u t i o u s  in  evaluat-

ing the “true” ~ l e V I

The on ys  i s  o I .x ii fI t r ( l I c e s  r e ve a l s  t ha t females tend to be ab l e

to t ran~ fer fr o r ~ ~~~ t as!. t a f lo t  he r  b e t ter  th an m a l e s .  ihe r e  were no

di ffercrices ~et s~ -en t lie exes  On t h e  c t  ent ion and r e t  r a i n i n g  phases  of
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Table 10
SUMMARY OF SIGNIFICANT SEX DIFFERENCES

MEASURES MALES FEMALES p

INITIAL
TRIALS TO CRITERION 7.85 6.75 .071
TOTAL ERRORS 63.79 58.23 .093
SETTING ERRORS 13.38 8.35 .007
TOTAL TRAINING TIME 93.58 78.27 .036

TRANSF ER OF T R A I N I N G
TRIALS TO CRITERION 5.13 4.15 .030
TOTAL ERRORS 32.93 20.11 .008
SEQUENCE ERRORS 26.03 16.76 .014
SETTING ERRORS 8.23 4.46 .011
ERRORS ON FIRST TRIAL 13.30 10.57 .026
TOTAL TRAINING TIME 38.38 27.81 .021
DEVICE TRA NSFER ERRORS 1.083 1.007 .005
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the study and the only difference observed during training was the total

training time. There also were no interactions between sex and training

device.

Analysis of Experimenter Effects

Another anal ysis t h a t  was conducted (also post hoc) evaluated the

effec t  of experimenter  in a three-way analysis  of variance and covariance

( two le ve ls  of exp er i m en te r , two lev e l s of sex , and three levels of train-

ing strategy, Betts imager score covaried). Table 11 presents the resu l t s

of t h i s  ana lys is .

The effect of experimenter on the number of trials to criterion

i l l u s t r a t e s  the methodologica l  problems that  can p l a g u e  th is  typ e of re —

search. The experimental procedure was felt to be rigorous with  respect to

controlling the amount of informat i on that the sub j e c t  rece iv ed during

the sessions. h owever , such things as the enthusiasm of the experimenter

can a l t e r  the  m o t i v a t i o n  of t h e  s u b j e c t  and subsequen t ly  a l t e r  his  per-

formance. In the present experiment , the effect ot’ experimenter differ-

ences on the conclusions of study should be minimal. First , the subjects

were pseudo-randomly (depending upon scheduling) assi gned to he run by

one or the other exper imen te r  and th i s  was counterbalanced across t r a i n i n g

strategies . Second , the correlation of the t r i a l s  to cr i ter ion and the

re ten t ion scor es was  not si g n i f i c a n t  (r = .13) , and retention was the pri-

mar y a r ea of i n t e r est i n the  stud y .

The research l i t e r a t u r e  has discussed the re la t ionship of post

training proficiency l evel and retention (Naylor and Briggs , 1961 ;
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Table 11
SUMMARY OF SIGNIFICANT EXPERIMENTER EFFECTS

I - - MEASURES EXPERIMENTER 1 EXPERIMENTER 2 p

INI T I A L TRAINING
TRIALS TO CRITERION 7.81 6.75 .033
SEQUENCE ERRORS 53.08 46.97 .065

I
I
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Mengelkock , et al., 1961 ; Gardin and Sitterly, 1972). These studies have

quantified post training proficiency on the basis of the number of train-

ing trials (e.g., 5 trials vs. 10 trials , Mengelkock , et al., 1961)

rather than on the final performance l evel (e.g., number of errors). The

correlation of the number of errors on the last training trial and the

retent ion scores was not s i g n i f i c a n t  in the present study (r = . 09) . Th e

interest in g aspect o f t h e r esu l t s  of t he presen t study i s that , if the

student is trained to a r e l a t ive l y low error level , rapidly diminishing

returns are gained from continued t r a i n i n g ,  in that  f ina l  error rate is

not h igh ly  correlated with re ten t ion .

A l t h o ugh the  l iteratu re al so i l l ust rates t hat th e durat ion o f the

retention interval has an effect on retention (Naylor, et al ., 1952;

Neumann and Ammon , 1957) the regression coefficient of retention interva l

on retention scores was not significant (r = .09 , p > .25 ) .

I
78

I
V. - V.. ~~~~~~~~~~~~~~~~~~~~~~ - _ _ _ _ _ _ _ _ _  ~~~~~~~~~~~~~~~~ ~~~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _-—----V.---. ~~~~~~~~~~~~~~~~~~~~~

V -



SUMMARY

The study of mental  imagery is an elusive area. The many studies

cited in the Introduction pertain to mental (usually visual) ima gery as

a hypothetical construct . The r e l i a b i l i t y  and predictive v a l i d i t y  of

imagery has been found to be reasonable; however , the content validity

of imagery test has not been well developed . That is , whether imagery

is really hull’ s “s and r” or Tolman ’s cogni t ive  maps or something e lse

has not been es tabl ished . The d e f i n i t i o n  of imagery used for t h i s  study

was taken from Funk and W a g n a l l ’ s d ic t ionary : “mental  images c o l l e c t i v e l y

as created by imagina t ion  or memory.” They further define image as “a

menta l  representation of something not perceived at the moment through

the senses , i n c l u d i n g  the  accompany i ng emotion .” The t r a in ing  s t ra teg ies

evaluated dur ing t h i s  study were designed to require varying degrees of

imagery u t i l i z a t i o n  through r educ t ions  in the s t imul i  that  provide cueing

and feedback . The standard for comparing the e f fec t ivenss  of these

s t ra tegies  was convent i onal  “rep e t i t i o n ” of the task on the operational

equipment.

The experimental  s trategies were found to have advantages for reten-

tion apparently without accompanying problems during training. The ex~-

perimental  s t ra teg ies  which used pencil  and paper (35% scaled photograph)

also did not lead to device t ransfer  problems . These r e su l t s , a long w i t h

the cost benef i t s  of using the simpler types of devices make the use of

such t ra in ing  methods desi rable .

Although the ori ginal  idea was to develop a t r a i n i n g  s t ra tegy that

79

— V 

~ T.. 
-- ~~~~~~~~~ ~~~~

. T~ TV,.. - -  

V -



increased retention due to the use of imagery , the resul ts  ind ica te  that

the conventional strategy a c t u a l l y  h inders  the  high imagers .  That is ,

h igh  imagers do less wel l  on the  opera t ional  equipment than they do on

both types of experimental  s trategy.  The resul ts  of th i s  s tudy ind ica te

that : ( I )  v iv idness  of imagery does interact  w i t h  t r a i n i n g  s t ra tegy,

(2) t r a in ing  devices do not need to be hi gh f i d e l i t y  for procedural tasks ,

and (3) the use of an experimental strategy that requires the trainee to

provide his own cucing and feedback from memory is effective in increasing

the retention of p rocedure - fo l lowing  s k i l l s , p a r t i cu l a r l y for low imagers.
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APPENDIX A

SEQUENCE OF STEPS IN ORIGINAL LEAR.NING TASK
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.1

23 Set second measurement value1 Turn on main power

(5) *

2 Check AC v o lt a g e s

24 Initiate fourth measurement3 Start failure clock

25 Set fourth measurement value4 Note starting time
( 24) *

S Turn an left sector power
26 Initiate fifth measurement

f~ Check negative polarity
27 Set fift h measurement value

Check positive polarity

8 l urn on cen ter  sector power 28 I n i t i a t e  s i x t h  measurement

9 Turn on ri ght sector power 29 Set sixth measui ement value

(d n ) *
10 Turn on power to conveyor

11 Set conveyor speed range * 
30 Initiate seventh measurement

31 Set seventh measurement value
12 Preset conveyor speed* (3 o) *
13 Delay unt il conveyor reaches 32 Initiate ei ghth measare~ wit

speed 
33 Set ei ghth measurement v a l u e

14 F i n e  ad jus t  conveyor speed * (7 75)*

34 Dise n gage sev en th measuremen t15 Set loader speed range *

11, Preset loader speed* 35 Checl failure clock

17 l’urn on ~~~~~~~~ to loader*

36 Reset ti mer18 Set loade r to i n i t i a l  speed*

37 I n i t i a t e  c a l i b r a t e d  comp onentF.
19 lurn on heating element 

38 Delay until component is loaded

20 Initiate first measurement 
39 Start timer

40 Note component reaches receiver21 Set first measurement value

41 Stop timer

22 Initiate second measurement

95

*indicates actions in which a setting error is also possible (in addition
to seque nce er rors)
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42 Input time into keyboard 61 Set coating leve l (~~~ *

43 Input time into memory 62 Initiate fourth coating

condition
44 Record time on data tape

63 Set coating level (5)*

45 Calculate correct conveyor

speed * 64 Preset receiver speed*

46 Set conveyor speed range 65 Turn on power to receiver

appropriate *
66 Set receiver speed range*

47 Calibrate conveyor speed 67 Set loader speed range to

op. cond .*
48 Clear display

68 Fine adjust loader speed*

49 Preset temperature regulator * 69 Match loader speed ~ receiver

speed
50 Turn on regulator

51 Set temperature * 70 Reset timer

71 Initiate timing check component
52 Preset air PresSure *

72 Delay until component is loaded
53 Turn on air compressor

73 Start timer
54 Set air pressure *

74 Monitor receipt of fast/slow

55 Turn on blower comp .

75 Stop timer
56 Check temperature for change*

76 Calibrate conveyor speed*
57 Recalibrate temperature

77 Reaet timer
58 Initiate first coating

78 Initiate second timing ck.
condition

comp.
59 Set coating level (2)*

79 Delay until component is loaded
60 Initiate third coating

80 Start timer
condition

96

*indicates actions in which a setting error is also possible (in addition
to sequence errors)
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81 Monitor receipt of component

82 Stop timer

83 Recall time from meas. trial

84 Input timt~ difference *

85 Record difference on data

tape

86 Put into “set-up” status

87 Put into “running ” s ta tus

*indicates actions in which a setting error is also possible (in addition
to sequence errors)
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APPENDIX B

GENERA L DESCRIPTION AND

SEQUENCE OF STEPS IN TRANSFER TASK
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Due to recent experien c w ith the set-up picccdure , a number of

changes have been made to the procedure to make i~ more efficient.

The new general sequence of setting up the process is as follows :

(1) 1 Turn on the power to the equipment.

(2) 2 Turn on the conveyor.

(3) 3 Tu rn on the loader.

( 3 - 1/ 2 ) 4  Fine  ad jus tmen t  of the  convc ’ro r .

( 4 )  S Set U~ the measurements .

( 5) 6 Check the measurements w i t h  a ca l ib ra ted  component .

- 7 I f  there  is a problem , stop the conveyor and recalibrate
measurements .

- 8 Restar t  the conveyor .

( 11) 9 u s e  a t i m i n g  component to r eca l ib ra t e  the conveyor.

(8) 10 Set UI) the paint coatings.

(7) 11 Set up the drying equi pment.

(10) 12 Set the loader to operating speed .

(9,10)13 Turn on and ma tch the receiver to the loader speed.

(12) 14 Put the process into operation.

( ) indicates order in initial training task
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( 1) 1 Turn on main power (20) 20 In i t ia te  f i rs t  measurement

(2) 2 Check AC vol tage (> 115)  (21 )  2 1 Set f i rs t  measurement va lue
(2 ) *(3) 3 Start fa i lure  clock

(22) 22 In i t i a te  second measurement(4) 4 Note s tart ing time

(23) 23 Set second measurement va l ue(5) 5 Turn on left sector power
(9) *

(6) 6 Check negative polarity
(24) 24 Initiate third measurement

(7) 7 Check positive polarity
(25) 25 Set third measurement value

(8) 8 Turn on center sector power
(1JP) *

(9) 9 Turn on right sector power
(-) 26 Initiate fourth measurement

(_) 27 Set fourth measurement value(19) 10 Turn on heating element
(15)

(12) 11 Preset conveyor speed (26) 28 I n i t i a t e  f i f t h me a surement

(6 turns) *
(27) 29 Set fi fth measurement va I no

(10) 12 Turn on power to conveyor (840) *

(II) 13 Set conveyor speed range (30) 30 Initiate seventh measurement

(6- 7) * (31) 31 Set seventh measurement va I Ut.

(16) 14 Preset loader speed 
(20) *

(32) 32 Initiate ei g hth measuremen t
(15) 15 Set loader speed range

(33) 33 Set ei ght !i me :i surcmt.ii t Va it
(10-20) *

(235) *
(17) 16 Turn on power to loader

(34) 34 I ) i sengage  seventh measurement
(18) 17 Set loader to initial speed

(15) *
—) 35 Initiate incas • Ca Ill ) cuinpollolil

(-) 36 Note component is lo~i~I~~(13) 18 Delay until conveyor reaches

speed (-)  37 Check for measurement error

( 1 4 )  19 Fine ad jus t  conveyor speed (-) 38 Stop conveyor due to error
(62) * (_) 39 Select incas. initialization

101

( ) indica~es sequence in original training task.
* indicates setting changes from original task.



(-) 40 Retract measurement tool (46) 60 Set conveyor speed range*

(-) 41 Recalibrate measurement tool appropriate

(17) 61 Calibrate conveyor speed(-) 42 Clear display

(-) 43 Input calib. # (58) 62 Tnitiate first coating

(-) 44 Put on data rape condition

(59) 63 Set coating l evel (4)*
(—)  45 Disengage measurement

1-) 64 rnitiate second coating
(-) 46 Restart conveyor motor condition

(-) 47 Delay until motor reaches 
(-) 65 Set coating level (l)*

speed
(~0) 66 Initiate third coating

(-)  48 Disengage clutch
con dit ion

(61) 67 Set coating level (2)*(40) 49 Note component reaches

receiver (62) 68 Initiate fourth coating

condition

(36) 50 Reset timer
(63) 69 Set coating level (6)*

(.37) 51 Initiate timing component

(35) 70 Check failure clock
(38) 52 Delay until component is

loaded
(53) 71 Turn on air compressor (UP)*

(39) 53 Start timer
(54) .2 Set air pressure (45)*

(40) 54 Note component reaches

receiver
(49) 73 Preset temperature regu l ator

(41) 55 Stop timer
(50) 74 Turn on regulator

(51) 75 Set temperature (180°)*(48) 56 Clear display

(42) 57 Input time into keyboard
(55) 76 Turn on blower

44) 58 Record time on data tape

(67) 77 Set loader speed range to op.45) 59 Calculate correct conveyor
cond.

speed (X5) *

102

) indicates sequence in original training task.
* indicates setting changes from original task.
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I

(68) 78 Fine adjust loader speed (30)*

I
(65) 79 Turn on power to receiver

(66) 80 Set receiver speed range

(3-4)

(69) 81 Match loader speed ~ receiver

speed

( M6 )  82 Put in to  “set-up” status

(87) 83 Put into “running” status

- I ) in d i c a t e s  sequen ce in ori g i n a l  t r a in ing  t a sk .
* indicates setting changes from original task .
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APPIiNDIX C

1)1 AGRAM OF E X P E R T  ~ii Al, PROCEDURE
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APPLNI)IX D

SHEEHAN’S SIIOR’l’ FORM OF THU
BUTTS QUESTIONNAIRE UPON MENTAL IMAGERY

(Adapted from Richardson , 1969)

I.
F
I-

[ 107

F
___________________ - ~~. — __________________

_ _ _ _



,n r~ 2 ,~~~ ~~~~~~ ~ , -

~~~~~~~~ .~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ L~.fl ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

~ •.
~~ I

c~

~~ 
~~~~

- _ -‘

~~ ~~~~~~~~~ ~~ ~~~~ -~~~~~~~~~ °

— ‘— 4 J ~~~~~~~ —‘ - .  “ ‘ “~ti ~~~~~~~ ~~ -~~ ‘~~ 2 t~~~~ t~- %.~ 
.
~~~~. “~ 

- ,.
.

. ‘
~~ ~-. “J 

,~~ •~~ v4J~~~~~~~ — ;:‘_ 
~~~~~~ (1 ~~~ .-‘ . - . I-.- ~~~~~~~~~~~~ - — L~ -~~~-:,~~~~~ ..I, W~ ~~~~~~~~~~~ -~~ ~~~~~~~~~~ —

~ E ~ ~~~~~~~~~~~~ — . -.-~~~~~~ . ~~~~~~~~~ i -~~~~~ ~~n ~~~~ , — ~~~~~~~~~~~~~~~~~~~ —‘ .~~ —
~ ~ ~~~~~~~~~ — , ~~~~~~~~~~~~~~~ ~~~~~~ ‘I~~ ,_ .:- ,: .~~ 2 ~
U 

~~ 
2 - .. 

— 
~,. .: .4 ~ ‘, -: .~ ~J -O(J .- ~‘ “ 

.. ‘-

~~ 
-
~~

~~ -~~~~ ~ i• ..
~~ ’I ~ ~ . -~~ —.h~ 

0 U~~~~~-~~~~~ — . 
-~~ .— . - - 0I-. 1, 

~-f ~
_, 

-
. —‘ 

~~‘ .i~; .5 ~~~ . 0 —— — ~~~~~~~~~~~~~~~ -t.~~ 2 ... -~~o~~ ~~~~~~ ~~~~~~~~~~~~~~~ ~~ 
f . :~ ~~~~~~~~~~~~~~~~~~~~~~ ...u 

~~ 
U~~~1 .0 - ~~~~~~~~~~~~~~~ Cr — C ..

~ ~~-3~ ~~; ~~~~~~ ~~ 
-. 

— 

~~ .~~
— -.

~~~~~~ ~~~~~~~ ~~~~~ j
- 

~~ ‘~~~~ ~~~~~~~- - ~~~~~~~~~~~~~~~~~~~~~~~
- ~~~~~~ 

-
~~~~i~~ ~~~~~~~ ~~~~~~~~~~~~~ 2 ~~. ~~ ~~ .-‘~~- c ’ -~ ‘0 00 -. S t.r.~~ ~~~~~~. 0 ‘-1 ~~~J Q  C r — ~~ - --~~~ fl ~~~~~~ _

~~~~~~~~ c • .  - ! r i l~~~~.~ ‘0 Cr
~~~~ ~~~~~~~~~ v ~ U ~ ~~~~~~~~~~~~~~ 0 I. 0I ~ ~ ~~~~~~ ~~~~~~~~~~~~~~~ ~~ ~~~

~~~~~ ~~~~~~~~~~~ ~~~~~~~~~~~~~~~
~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~ ‘~~~~~v~~~~~~~~~~~~~~ g
8~~~~ .

~~ u, .~~ ~~~~~~~ -. c-, -~~ ~~~~~~~ u~ ~~~ .~~

— Cl ‘~‘I •I•

~
° •!~~~~~~~ b

0 ~-‘ Cr U ‘
~ Q O.~~ b(~ ,..

~~ ~~~~~~

~~~~~~~ ~~~- ~~~~~~~~~~~~~~~~ ~~~~~~ ~~~ ~~
. 

~~ E
z

i:; •
~~Cr -e ~— ~~ —~ -~~ ‘~-‘ .1 ~~0 0  ~~~ C r J~~~~~~~~ i ,4 ’ 0 U . . .  0~~~ CS0 ~~~~~~~~~ ~ V - 0 r ~~ 0 ‘

~~ N

-~~

~~ ‘C~~ ) - C 3 -~~,~ ~~~~~~~~~~~~~ ~~ -‘ -
~~ e 0

~~~~~~~~~ ~ 
•;: -

~~ 
-
~~ ~~

~ ~~ 
.
~~ .-.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-
~~

. 

~~ ~~

. -

~~ 
-
~~ ~~~~~~ci

~~~~~ ~~~~~
L 

~~~~
‘ ‘ 0 .~~~~~Cr 0 i

~
. 0 —U O 1

~~~, - c U 0 .  ~ “ I.. 4 ) 0

~
.~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I~ i1iidtIIilhii ~ P1 ~
108

I



; ;;; ;; .; ~fl
~~.

~~S 0 U-O

S 0
.~~.0 — U U

~~~~~~~~~~ ~~

-

~~~

- -

~~
— 

tO 0~~~ . .

S -.
U ‘~~S -

~~ -e 
-~~ ~~~~~~~~~-D

.5 ~~~~~~~~~ ,~ ~~~~~~ 
U S ,~~~ 

0

.~~ ~c .~~~~~~~~~
.0 ~ 8 ~~ 

O O 4 ~ Cr

0 - ~~ .1,) :-~
-- S tt~ S

U ~ 
‘
~~ ~~ a ~~~~~~~ u~~~~ v O  WI ~~ 

- S

~~~~ ~~
- 

~~ * ~~~ .~~ 
-
~~~

0 0  ~~~~~~ ~~~ E 0 °  ~~~~~
‘5 ‘1 -e ~ :~ ~ ~~~~~~~~~~~~~~~~ ~~

. 
~~ 

-

~~.
~i ~ 

-e ~~ WI

~~~~ ~~~~~~~~~~ o~~~~~~~~0 - e ~~~~~~~~~~~~ ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~ ~~~~~~~ ~~~ ~~

~~ ,~~ f-. U “~ U — Cl C’~ ~~‘ ~~ ‘0 r-

‘5 tO - —~ — ‘
_. 

~~~ ~.t C ~.

~ .E r . ~~~~~~~~~~~~~~~~ .

~~~ -~- 2

- ~ ~~. v WI
~~ ~~~~~~~~0 2 ~ .

~~

~2 
-
~~ U 

— C -.

1~ 0 v t c ~~~~~ S 0 V S

~~ -~~ ‘0 (1 

.
~~ ~~ -~~ 

.
~~ 

~~
‘ 3

a~~’ ~~. 
S 44 -e 

~
..

— - —
-~~ ~~~~~~~~~~

— 0 Q. — N ‘0
V U  2C r 0  

~~~~~~~~~~~~~~~~ ~
). .-n o r’ u .o 2 ... ~~~~~~~~~~~~~~~.5 .0 .

~~ -e

~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ ~~~~~~
~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ ~~~~~~~~~~~~~ 

~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ j ifi j~~~ .j •

~

_

~ i 
i1.~~i1, 1U~

-T 
- 

_ _ _ _ _ _ _ _ _  _ _ _ _



U I) — Cl ~ ) * In ‘0 4’— U
-~~ -~~ . ~o —~~ —~ — -~~ —~ .~~ ~i tO _-. _-~. ._. _-~,

-
~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-
~~~ ~~~~~~

-
-~~ 

.
-~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Cr 
~ - C

E ~~ 0~~~~ 
-
~~

~~ 

.

~~ ~~

‘~ _. ~~~~~~~~~~~ .

O . C ‘... .5 - ..O ~~ C C ‘C =— ~ C — . Cr I— - —

~ .2 ~

~~ 

-

~~ -~~ -~~~~ 
n_; -i~

~~ ~~~~~~~ ~~‘? ii~

~ .8 2 -
~~ 

..
— .~ I- C1 ’  — ~~~0 ~~~~~~~~~~~~~~

~~~!~f lfl~ici ci -~~ ~~ a D -

~~~~~~~1z  --~~~ ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~ t-~~~c ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~

— Cl C’I .i ifl ‘0 4’— I) “I U — Cl C~) t~ ‘(1 ‘0-~ ~~.5 . to ~~~.

~~ ~~~~~~~~~~~~~~~~~ -~~~ ~~~~~~~~~~~~~~~~~~~~~~
~~ 

-
~~ -s -

~~ -~~~- a ~~~ 
•-C -

~~ 
-
~~ 

-
~~ 

-
~~ 0

— Cr , — —
-~ I. U” - U . - .  Cr -
C S ‘ C - — Cr C
— U’ - — — .

0 - 1,1 _
- -

~ 0 •‘1 _ ’~~ - . Cr
I - U  — 

C

- - 0 _ C  C ... •_ C

— 40 (1 .,~ CI V 0

-~~ ~~ ~~~~~~~-e ~~ E ~~,. U ~0-
~~ 

.
~ ~~ 0 .., .0 ci ~. V

-~ 
~~~

- 
~~

•_ 8 _
~.~~ ~~~ 

-

~~ ~~~ 

.

~~— .
~~ 

‘— 0 0  0 .~~ — ci-— .5 1~ -~~ -
-
~ o -~~ C ’ ’  ci U - to C

~~~8 ~~~ g ~~~~~~‘-~~:: to ~~ -e~~~~ ~~~~~~~~
~ — o .•  ~~, C - S -. I)

-~~ ~ 
-
~~ ‘ 2 ~~~~~

— ~~-~~~e . Cr — •- 4- 0 — ,o

~~~~~~~~~~ ~~~~~~~~~ ~~~~~
~~~~~~~~8 ~~~~~

-e 
~~~~~~~~~~~~~~ ~~~~~~~~~~~ 

_ 
~. C U ~~~~0

2 -
~ ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ ‘8 ~~~~~~~~C r 0  ,.. ‘0 5 ‘- 0  - ~~~~~ 

U 
~0 -

. 
- .

WI ‘~~ I . 0 _ ~ , 0 _  -

1I~IIi!1~ 
E1

110

- ~~~~~~~~~~~~~~~~~~
— -  

~~~~~~~~~~~~~~~~~~



I
— C~ C”~ ‘P 4”-’

~~ ~~~~~~~~~~~~~~~~~~~~ -
~~~

S

-.
— 4-. .0

-~I 
~~~~~~~~V 2 

~
-- UI -~~ U — t, .~~ 

,,1’,

I ~~~-E~~~ ~0 ci
O ~~~~ -~~ 

~~~ S4- 0O ‘ 0 0 1  CI

I 5 .
~~~~~~~~

., i.~~~~~~~

-

~~

‘-

~~~~~~~~~~~~~

- 

~~~~~~~~~~ ~~~~~~~~~~~~~I 8 0 U  ,~~~~I S
I-

-ti 
~~~.~~~~~~

•- 9 V t o
~~ 

.

.

~~
-~~ V U ‘-. 5 ~~~~ 0 0 

~S tO - 
1 ~, o

~~ 

-

~~

, 

~~~~~~~ ~~ ~,

I-
111

I ii
-s---— . ,. 

- —~~~~- — _ s— - —



A P P E N D I X  E

(;oRDo~~-ftsT Of’ VISUAl . IMAGE RY CONTROl,

(Adapted from Richardson , 1 969)
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I

I 
You have j u st  com1iletcd a questionnaire that was designed to
measure the t of different  k inds  u i  imagery. In this present
ques t ionnaire  sonic addit ional aspects (Ii y r u i c  imagery are being
studie .

I 
The qcu -~ ii ,r~ ar ’ I ‘il l’ ‘t ri e d ‘.-. i t h  the ea~e with which you can

control or mambulate -
~ ical i rnag’-~. I ~ ~r,m e peop le ti cs  task is

relati vel y c~~y and ‘ c ’ ,:~, . - : ‘~ r - - i . c t : ’ . e-l ’ ; hard. ( )i ie :  subject who

I 
could not rr .I~~b p ’ i ! . c t’ l i i i  ir T i i tger’ , c ~

-, ga-; ~ illu str ;ctcon. f--f r:
visualized a t a id - , ‘b r i e  01 ‘.. Ii~~t’ ‘‘! ‘ 1 1 5( 1 ’ ’  cclv h ’~t I t i  10 (., 1 11 c . lie
then tried to v o c - c h i c ’  arc ’ i c c ’ r  t_ d ,le y. ‘h t ou r  ~~iid Ie ’i.’~, bu t  ii,und
it unpos~iblr . ‘iF ‘ U I I, ’i ’ ’  ~~ t i .  I l  . 1 tat,! ’ v~1!!i c i - , c ’~l I ,~~- :c~:~ l e g

I persisted. A r ’cihr:r ~u i j , ’ ’ t ‘ - r i P I t ic, ’ ‘a I i ’ : f I  he - ‘ csc: :hze ci  a
the image: e,a~ r u t l ’ - r  ‘- , t : ~sc’ c rsl  c i a .  I I ’  ( ‘Olil d — c c - c l izr it brie -fl y
but it was diIiI tilt I I ,  1, l b ,  a . . ’. — ‘ c r  ‘ . j  i”. c - i  F’ ,rt . n lioth t i c  ,,~

illustra tir,rcc the sii r ,j -’ N hail (i.Fl. ( c c l i ’  I l l  c i r c i t t o i l i ng or I l c a n i p U —

I 
laung th eir  vi~ ’~ c l i r c i a i ’ ’ t  - . I t  i~ -r i ca 1  i r i n i r t a i c t  to  . m 1 , i c , c . x z e
that t h e  r:-.p er ‘-n cc - - ar ’ ’ in  rio ‘, ;a i  ;i l , c , ’,T m a t  and are as c,ften
reported as th e: c o r c t r o i i a l ~i’ ’ t’.’~. ’’ cf t c c , t ~’.’.

I 
Read ea r  I i  eju r ’ t i l l tie n i.l’i~’~ sti r cve- ~ s~ h u e  ~~IU in,’ to visualize

the scen e de:~crcLt- ’l. Ue’ ’ , : ’ I  ~ - , c j : I t i ’. ’. - :  b’~’ unde c l i n i n g  ‘Ve: ’, ’ ,
‘No ’ or Ln-,tire- , . hi’ a’- ’, - r ~ ti .’ r :ca ap p r ’cp i  ian: . R i m i - i m i b e r
that your ac r c I r ; c t c :  and I. . • r ~ ’ - .t a r , - \ - . , - c to t i e C ’ r 1 I i ( ’ -, t i c ~

l , ,  is r icas t

I 
important for  the vati di iv ol t i t i  c c l v . I v ’,c i  i a - . c any doubts at
all regarding t ic :crI ’ ‘.- . c r  to a qt r c ~ . ‘r , u nderline Un sui’r ’ , Please
be certain that v i i  an-s- -er  ca ct i  of the twclvc q i c i t i a r m s .

I
i. Can you s’- ’: a ( .~r s t a n ( I i r c g  in the  road

in front o~ a house ! Yes No Unsu reI 2. Can you y e  it in (( , !( ,t Ir? Yes No Unsure
3. Can you now :,.:c: it in a different co lour? Yes No Unsure

‘ 
4- Can you now see the same car lying

upside down ? Yes No U n s u r e

~~
. Can you now see th e  s a r c ic :  car back Ofl

i u.s four w h e e l ,  a e ’a in ?  Yes No Unsure
I 

- 6. (.;an y~ u sr~ tic ’ : car r u r c r i i ’ c g  along the
road ? Yes No Unsure

7. Cart you see it cli m b up a very steep 
- -i i  . Yes No Lnsure

1 
8. Can you ~‘:c it ( l ;m b  over tIc’- top ? Yes No Unsure

I 9. Can you see it g e- i  out of c ic r i t r ol  and
cra.~h through a hcrcii ’ ,c: ? Yes No Unsure

~ to. Can you now see the same car running
along th e - road with a hand1.,ncc cotip ir
inside, ies No Unsure

1 i i .  Can yoc i ’’-r t ice’  car r i o s s  c’ b r id ge and
fall over t h e -  -, c ’ le  i i i ’ ’, t ic , ’ ~t c  ‘ ‘ I T O  lc ’ -l ( sv ‘ \‘c ’’ , N o  Unsure

12. Can you see th e c mu all old d i l l di~-man t led in a cu r -c  e c c i e t e r y  ‘ Yes No Unsure
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~lTh i s  s tudy  investi gated t h e  ‘-ffcctivet~ -~ -~ cci three different tr aining
st ra teg ies  w i t h  respect to initial training, retent ion , ant! transfe r of
training. In  a d d i t i o n  to investi gating t he  r e l a t i v e  me rits of the three
strategies , the possibility of matchin g the instructional strategy and the
tr ainee ’ s cogn i t ive  s t y l e  wa s e v a l u a t e d .  Th ere is growl ng resc-u r ch  support
for the cont ent ion that  d i f f e r e n t  i n d i v i d u a l s  u t i l i z e  d i f f e r e n t  means of
encoding and/or s tor ing  i n f o r m a t i o n . The e f f ec t  of these  d i f fer e n c e s  w i t h  -
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S E C U R I T Y  C L A S S I ~~! C A T t O N  OF T H I S  PA G E(C+7, .n P.1. EnI. r.d; 

-

“ r e s n eC t  t o  in ithi l tr .1: ~’’ , r’ ’~~onti rn , l f l !  ti’:in’: f~~r of tr ainin g ‘ - -as —

addressed in the ~c t ~~”-t ~~ a r-~:tl -: tas!-:. !h-~ partic ular tas~’ used
was represe:lt’at ire c 

~ :laliv m a c r : c t ’n t i  at n r a c e c i t cr e s  i s ~~fnr’:,~,I ~ h. i ch
range fr-ant t pc ’r :ttjnc ~ “mt ~ ti’r cont rol !~~~l f l !  s in i n l a  trial ‘ l i n t  s ~~ i m n-n-i l
and u O c : r g c ’ r i C . ’ c i ’ i c , - f : : ~~, s  i n  a i r  ~‘ehs ic i ” s .’~

- - 
The i n s t r u c t i o n a l  s t r a t eg i e s  es ’n l r t a t c c l  during the  stud s ’  were dc ’si ctned

to r e q u i r e  t a r y i ng  deg rees of i :c tger v it  i i i  :ar ion t h r o u gh  r edti ct ’  ions  in
the  St ~c; :ttl i that provide visual cite ins in tl feedback. The s t a n d a r d  for
com p a r i n g  the e f f e c t i v e n e s s  of these si- r a t e s i  c’s - c- a s  t h e  conventional
“repe t i t ion ” o f the  task  on the o p e r a t i o n a l  equi pment or hi gh f i d e l i t y
mockup s (s imula t ions)  of the equi pn ient .  The individual trainee ’s vividness
of menta l  imagery was the aspect of cogn i t ive  style that was investi gated
w i t h  respect to performance w i t h i n  the  three  t r a i n i n g  s t ra teg ies.

The r e s u lt s  of the  s tudy i n d i c a t e  t h a t : (1) v i v i d n e s s  of ic ’mig e r v
does i n t e r ac t  w i t h  t r a i n i n g  s t rat e : , - , I ~) t r a i n i n g  devices  do not  need
h ig h f i d e l i t y  to be e f f e c t i v e  in t r a i n i n g  procedura l t a s k s , and 13) the  use
of t r a i n i n g  s t ra tegy  t h a t  r eq u i r e s  t t t t ’  t r a i n e e  to provide  h i s  oicn c u e i n g
and feedback from memory is e f f e c t  iv e  in  i n c r e a s i n g  the r e t e n t i o n  of
p r o c e d u r e — f o l l o w i n g  sk i l  is , idu -pett dent of c c c g : i t i v e  s t y l e .  These r e s u l t s
have important imp l ications for hot I i  t he  ( l o l l  or cost and l o g i s t i c s  of
i n i t i a l  and r e f resher  t ra iii  in g  , as  w e l l  i s  f or  t h e  r e t e n t i o n  e f f i c  i t r n c y  of
an important  aspect of the  hum an H; pr e se ’n t  j o b  descr  I p t  ion
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